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U.S. Army Rapid Equipping Force 

Abstract:
In the Central Command area of responsibility (AOR), enemy forces 

exploited extended logistics lines of communication to small and 

remote bases.  The U.S. Army Rapid Equipping Force (REF) was 

tasked to provide immediate contractor support at these locations 

WR�LPSURYH�WDFWLFDO�HOHFWULFDO�SRZHU�JULG�HIÀFLHQFLHV�DQG�LQFUHDVH�

energy security to critical systems.  The REF leveraged existing 

government and commercial-off-the-shelf (COTS) technologies 

with an experienced contractor work force to deploy to remote 

sites.  Work priority was based on command needs at austere base 

camps where logistical resupply was hazardous and costly. The REF 

effort focused on providing Commanders greater combat power at 

these small sites; enabling greater operational availability of key 

platforms and force protection devices; and giving Commanders 

greater logistics agility via reduced fuel consumption. The greatest 

impact of Operational Energy is that it is not about saving energy.  

As changes were implemented that reduced fuel and maintenance 

requirements and system reliability was improved, the care and 

feeding of these systems became less.  Soldiers once tasked with 

transporting fuel, adding fuel to generators, and maintaining 

generators were now freed up for other tasks.  E2E became more 

than saving fuel, it became a force multiplier.

Find this report at www.barbaricum.com.
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1.1  Overview
In the Central Command area of responsibility (AOR), enemy forces exploited 

extended logistics lines of communication to small and remote bases.  The U.S. 

Army Rapid Equipping Force (REF) was tasked to provide immediate contractor 

VXSSRUW�DW�WKHVH�ORFDWLRQV�WR�LPSURYH�WDFWLFDO�HOHFWULFDO�SRZHU�JULG�HIÀFLHQFLHV�

and increase energy security to critical systems.  The REF leveraged existing 

government and commercial-off-the-shelf technologies along with an experienced 

contractor work force to deploy to remote sites.  Work priority was based on 

command needs at austere base camps where logistical resupply was hazardous 

and costly. The REF effort focused on providing Commanders greater combat power 

at these small sites; enabling greater operational availability of key platforms 

and force protection devices; and giving Commanders greater logistics agility via 

reduced fuel consumption.

Command response to this initiative 

was overwhelmingly positive and 

demand for REF material and 

contractor assets continues to 

increase even as military operations 

are reducing.   Many of these 

same principals can be applied to 

other AORs.  Moreover, continued 

synchronization to implement 

HQHUJ\�HIÀFLHQW�FKDQJHV�DFURVV�DOO�

facets of the Army will enable an 

enduring requirement in the Army 

2020 formations.   

1.2  Background
The U.S. Military deploys troops to remote and austere locations to perform a wide 

variety of missions.  Forward Operating Bases (FOBs), Combat Outposts (COPs), 

Joint Combat Outposts (JCOPs), Village Stability Platforms (VSPs), Village Stability 

Sustainment Activities (VSSA) and Observation Posts (OPs) are locations where 

troops live, train, plan and launch operation.   While the U.S. is currently drawing 

down forces in Afghanistan, electrical power will remain imperative to operations, 

especially in the face of power surety and security needs.  Regardless of location, 

energy security will always be important to military operations.

�&'�ĂŶĚ�h͘^͘�ŇĂŐƐ�Ăƚ�WĂŶũǁĂŝ�ƐŝƚĞ͘�
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In 2012 the REF initiated the Energy to the Edge 

(E2E) program and contracted civilian personnel 

to act as Operational Energy (OE) Advisors to 

HQDEOH�PRUH�HIÀFLHQW�DQG�VHFXUH�WDFWLFDO�HOHFWULF�

power at very remote combat outposts throughout 

Afghanistan.  The focus was on “the Edge”- those 

FOBs, COPs, JCOPs, VSPs, VSSAs and OPs on the 

far reaches of operations. These locations are 

FRQVWUDLQHG�GXH�WR�GLIÀFXOW�ORJLVWLFV�UH�VXSSO\�

efforts that often require air delivery.  The OE team 

YLVLWHG�RYHU�ÀIW\�ORFDWLRQV�WKURXJKRXW�$IJKDQLVWDQ�

and completed assessments to evaluate and install 

improvements to power capabilities.  These site 

assessments included:  material and nonmaterial 

recommendations to right-size tactical electric 

grids; operator training to maintain the grids; and insertion of energy storage and/

or renewables to further reduce fuel consumption.  The net effect was not just 

greatly reduced fuel, but also greater energy security and reduced manpower.  Energy 

effectiveness is a force multiplier.  Personnel that once refueled generators and 

moved fuel are now freed up for other tasks.   

1.3  Findings
7KLV�UHSRUW�GRFXPHQWV�WKH�(�(�SURMHFW�LQFOXGLQJ�WKH�ÀQGLQJV��VROXWLRQV�DQG� 

lessons learned from the OE Advisors as they traveled in Afghanistan and reviewed 

ÀIW\�VHYHQ������ORFDWLRQV�LQ������XQWLO�HDUO\��������7KH�2(�WHDP�FRPSOHWHG�WKLUW\�

nine (39) reports which document both material and non-material improvements that 

ZHUH�UHFRPPHQGHG�DQG�LQ�PRVW�FDVHV��LPSOHPHQWHG���.H\�SRLQWV�RI�WKH�ÀQGLQJV�DUH�

summarized below:

1. Implement systems to distribute power and network generators.  The 

ELJJHVW�LPSDFW�WR�DFKLHYLQJ�HQHUJ\�HIÀFLHQF\�FDPH�IURP�QRQ�PDWHULDO�

solutions - consolidating loads on generators and removing unnecessary 

generators. 

2. Implement hybrid solutions that focus on the 3-10 kilowatt (kW) range. 

Hybrid Systems (Solar/Wind/Batteries) are most effective at the “Edge” 

ZKHUH�IXHO�LV�WKH�PRVW�GLIÀFXOW�WR�UHVXSSO\�DQG�SRZHU�GHPDQG�LV�ORZHU�

than at a larger base.

In 2012 the REF 
initiated the Energy 
to the Edge (E2E) 
program and 
contracted civilian 
personnel to act as 
Operational Energy 
(OE) Advisors to 
HQDEOH�PRUH�HIÀFLHQW�
and secure tactical 
electric power at 
very remote combat 
outposts throughout 
Afghanistan.
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a. Systems such as security, force protection, communication and 

EDFN�XS�IRU�ZHDSRQ�V\VWHPV�EHQHÀWHG�WKH�PRVW�IURP�WKH�DGGLWLRQ�RI�

hybrid systems.

b. 6\VWHPV�DUH�ÀHOGHG�ZLWK�JHQHUDWRUV�WKDW�DUH�VL]HG�IRU�SHDN�ORDGV�

and hybrid systems were extremely effective in addressing those 

situations.

3. Implement solutions to allow current generators to operate at peak 

HIÀFLHQF\��%DWWHU\�6WRUDJH�LV�FULWLFDO�WR�OHYHOLQJ�ORDGV�DQG�XOWLPDWHO\�

SURYLGLQJ�WKH�PRVW�HIÀFLHQW�SRZHU�V\VWHPV�

��� Implement solutions to reduce energy demand.  Demand reduction must 

EH�EXLOW�LQWR�IXWXUH�V\VWHPV�UDQJLQJ�IURP�LQVXODWHG�VWUXFWXUHV�DQG�HIÀFLHQW�

heating and cooling to providing incentives to contractors to reduce fuel.

��� Improve doctrine to ensure military units deploy with their required 

equipment.  This combined with constant changes at sites created an 

abundance of commercial generators.

a. These “white generators” were often oversized and had no parts or 

warranties and soldiers were not trained to provide maintenance. 

6. Instill an energy culture. Training and education on energy would increase 

XQGHUVWDQGLQJ�DQG�LPSURYH�HIÀFLHQFLHV�IURP�WKH�UDQNV�RI�HQOLVWHG�WR��

JHQHUDO�RIÀFHU���

1.4  Recommendations
The lessons learned from the E2E project will remain relevant and independent of 

the theater, the enemy, and the location. U.S. Forces will continue to travel great 

distances that will expose the supply line and enemy forces will use the logistical tail 

as a way to deny forces freedom to maneuver by targeting fuel convoys.  Regardless 

of location and mission, the U.S. Military will continue to require additional 

FDSDELOLWLHV��HIÀFLHQFLHV�DQG�LPSURYHPHQWV�WR�DFKLHYH�HQHUJ\�HIIHFWLYHQHVV��0DQ\�

technological advances require an increased energy component. Items such as 

persistent surveillance cameras, counter-mortar systems, thermal sights, computer 

servers, improved communications, and other equipment all require electricity to 

provide essential mission support. Whether new equipment is geared for lethality, 

survivability, or harsh operating environments, the energy demand will continue to 

increase, and so will the need to resupply. Fuel movement is not only costly in terms 

of dollars, but it is resource-intensive, vulnerable to disruption, and exposes the 
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ZDUÀJKWHU�WR�WUHPHQGRXV�ULVN��7KH�2(�$GYLVRUV�IRXQG�WKDW�PDWHULDO�DQG�QRQ�PDWHULDO�

VROXWLRQV�FDQ�EH�DSSOLHG�WR�ÀQG�EHWWHU�ZD\V�WR�DFKLHYH�HQHUJ\�HIIHFWLYHQHVV�WKDW�ZLOO�

reduce the logistical tail needed to support full spectrum operations. Augmenting 

deployed units with OE Advisors, provides the focus needed to manage and oversee 

WKH�SRZHU�QHHGV�WR�LPSURYH�HQHUJ\�HIÀFLHQF\�

In addition to deploying OE Advisors, the following changes across the Doctrine, 

Organization, Training, Materiel, Leadership and Education, Personnel, Facilities 

�'270/3)��VSHFWUXP�DUH�UHFRPPHQGHG�DFURVV�WKH�$UP\�WR�HQVXUH�HQHUJ\�HIÀFLHQF\�

and security are added into future operations:

Doctrine – Integrate OE concepts into the six Army functional concepts to 

drive doctrine and publication changes regarding the Army 2020. 

Organization – Require pre-deployment planning to include the employment 

of the appropriate soldiers such as military occupational specialty (MOS)1 

120A (construction engineer technician), 12P (electronics technician) and 91D 

(power generation equipment repair) MOS as well as contractor augmentation 

ZKHUH�QHHGHG�WR�HQDEOH�DQG�PDLQWDLQ�WKH�PRVW�HIÀFLHQW�WDFWLFDO�HOHFWULFDO�

power distribution networks at operating locations.    

Training���$GG�SRZHU�PDQDJHPHQW�DQG�HQHUJ\�HIÀFLHQF\�FRQFHSWV�WR�WKH�

Army generator mechanic, 91D, skill set to include more power distribution, 

HIÀFLHQW�HQHUJ\�RSHUDWLRQV�DQG�WKH�SRVVLELOLW\�RI�IXWXUH�K\EULG�V\VWHPV��

and include that training in pre-deployment training.  Professional military 

HGXFDWLRQ�FHUWLÀFDWLRQ�IRU�HQJLQHHUV�LQ�WKH���3�DQG����$�026�VKRXOG�LQFOXGH�

EDVLFV�RI�VRODU�DQG�HQHUJ\�HIÀFLHQF\�

Materiel - Enable the transition of REF procured COTS/Government-off-the-

shelf (GOTS) technologies that provide enduring capability into program of 

records (PORs).  Consider more focus on smart power distribution and hybrid 

solutions.  Integrate performance based contracting mechanisms so that 

SULPH�FRQWUDFWRUV�DUH�UHZDUGHG�IRU�SURYLGLQJ��PRUH�HIÀFLHQW�VWUXFWXUHV��

electrical grids, and reduced water and fuel consuming platforms.

Leadership and Education - Promote energy management in the mindset 

every Soldier is an energy steward and not just a consumer.  Reiterate in all 

Army educational venues and forums (Professional Military Education (PME), 

 1  tĞďƐŝƚĞ͗�ŚƩƉ͗ͬͬĂƌŵǇ͘ĐŽŵͬŝŶĨŽͬŵŽƐͬĂůů 
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MOS training, leadership development opportunities, etc.) that OE enables 

greater lethality, increased operational availability and agile logistics.  

Personnel���&RQVLGHU�PRUH�HIÀFLHQW�XWLOL]DWLRQ�RI�H[LVWLQJ�SRZHU�UHODWHG�

DVVHWV��026���'����3�DQG����$��WR�HVWDEOLVK�HIÀFLHQW�DQG�UHOLDEOH�WDFWLFDO�

electrical distribution instead of additional duties that reduce their 

availability for power support.  

Facilities - Contingency Basing facilities need to comply with the intent of 

the Contingency Basing Directive 3000.102�WR�HQVXUH�HIÀFLHQW�EDVH�FDPSV���

Leverage  compliance driven and installation focused energy and water 

reduction investments at home station by ensuring these investments may 

also be applicable to facilitating “energy steward training” at locations 

outside the U.S.  

1.5  Conclusion
Deliberate acquisition programs have been initiated across the Army to incorporate 

many of the concepts implemented by the E2E project.  For example, the Program 

Manager for Mobile Electric Power (PM MEP) is developing the Mobile Electric 

Hybrid Power System (MEHPS), a 3kW and 10kW hybrid solution similar to the 

commercial material solutions installed by the REF OE Advisors.  This system, 

KRZHYHU��ZLOO�QRW�EH�LQ�LQ�VROGLHUV�KDQGV�EHIRUH�������RYHU���\HDUV�IURP�QRZ���7KLV�

reinforces the need and importance of the efforts of the REF and the OE Advisors 

WR�SURYLGH�TXLFN�UHOHYDQW�VROXWLRQV�WR�WKH�ZDUÀJKWHU�WKDW�FDQ�EH�DSSOLHG�WRGD\�

Even while efforts drawdown in the AOR, Conventional and Special Operations 

Forces (SOF) continue to request OE Advisors assistance to enable tactical electric 

SRZHU�HQHUJ\�VHFXULW\�DQG�HIÀFLHQF\��7KLV�LV�HVSHFLDOO\�FULWLFDO�GXULQJ�3KDVH�,9�

(Stabilize) and Phase V (Enable Civil Authority) operations where reduced force 

strength requires even more demand for the capabilities that result from OE 

Advisors’ recommendations and actions. 

One of the greatest impacts of Operational Energy is that it is not about saving 
energy.  As changes were implemented that reduced fuel and maintenance 

requirements and system reliability was improved, the care and feeding of these 

systems became less.  Soldiers once tasked with transporting fuel, adding fuel to 

generators, and maintaining generators were now freed up for other tasks.  E2E 

became more than saving fuel, it is a force multiplier.

 2 tĞďƐŝƚĞ͗�ŚƩƉ͗ͬͬǁǁǁ͘ĚƟĐ͘ŵŝůͬǁŚƐͬĚŝƌĞĐƟǀĞƐͬĐŽƌƌĞƐͬƉĚĨͬϯϬϬϬϭϬƉ͘ƉĚĨ



2.0 Purpose



  Purpose

U.S. Army Rapid Equipping Force| 7

2.0  Purpose 
Reliable and consistent energy is required 

for combat effectiveness. New equipment 

and systems such as communications and 

force protection systems have increased 

the energy demands for the soldier, 

especially at COPs and VSPs, where troops 

operate far from larger bases. In addition, 

the challenges of moving fuel and the need 

for sustained presence increases the need 

IRU�HQHUJ\�HIÀFLHQF\��

In order to meet these objectives, the REF contracted Barbaricum, LLC to provide 

knowledgeable personnel to deploy to the Afghanistan theater of operation to 

act as OE Advisors.  The OE Advisors deployed to COPs, JCOPs VSSA, VSPs and 

23V�WR�PDNH�FKDQJHV�WR�WKH�SRZHU�JULGV��LPSURYH�JHQHUDWRU�HIÀFLHQF\�DQG�ZKHUH�

appropriate, install hybrid energy systems.  This resulted in increased equipment 

operational readiness and increased soldier availability for counterinsurgency and 

stability operations. 

dͲ^ĞƌŝĞƐ�ƐŽůĂƌ�ƉĂŶĞůƐ�ŝŶƐƚĂůůĞĚ�Ăƚ��ĂŐƌĂŵ��ŝƌĮĞůĚ͘

Z�&�ĐŽŶƚƌĂĐƚĞĚ��ĂƌďĂƌŝĐƵŵ͕�>>��ƚŽ�ƉƌŽǀŝĚĞ�ŬŶŽǁůĞĚŐĞĂďůĞ�ƉĞƌƐŽŶŶĞů�ƚŽ�ĚĞƉůŽǇ�ƚŽ�ƚŚĞ��ĨŐŚĂŶŝƐƚĂŶ�ƚŚĞĂƚĞƌ�ŽĨ�
ŽƉĞƌĂƟŽŶ�ƚŽ�ĂĐƚ�ĂƐ�KƉĞƌĂƟŽŶĂů��ŶĞƌŐǇ��ĚǀŝƐŽƌƐ͘



3.0 Background



Background

U.S. Army Rapid Equipping Force | 9

�����'HÀQH�WKH�3UREOHP�
Since 2001, the U.S. Military has been engaged in enduring and expeditionary 

FRQÁLFWV�LQ�ERWK�,UDT�DQG�$IJKDQLVWDQ���7KHVH�H[WHQGHG�LQVXUJHQFLHV�LQ�UHPRWH�

DQG�DXVWHUH�ORFDWLRQV�H[SRVHG�WKH�FRQWLQXLQJ�GLIÀFXOW\�LQ�PRYLQJ�IXHO�DQG�WKH�

increased demand for power to operate military 

equipment.  Generators make up 22% of the Army’s 

total energy consumption.3  Moving this fuel to the 

IURQW�OLQH�LV�GLIÀFXOW�DQG�H[SHQVLYH�²�LQ�PRQHWDU\�WHUPV�

and in lives. Fuel movement is not only costly in terms 

of dollars, but it is resource-intensive, vulnerable to 

GLVUXSWLRQ��DQG�H[SRVHV�WKH�ZDUÀJKWHU�WR�WUHPHQGRXV�

risk.  The casualty factor for fuel resupplies in 

$IJKDQLVWDQ�LV�DOPRVW�RQH�FDVXDOW\�IRU�HYHU\����IXHO�

UHVXSSO\�FRQYR\V�LQ������� 

Besides the cost of energy, access to continuous supplies has been questionable. 

In 2010, Pakistan temporary closed the main fuel resupply route for 10 days 

causing disruptions. A similar incident in November of 2011 caused Pakistan to 

close the Torkham Gate and Chaman border crossings, the main U.S. supply lines 

into landlocked Afghanistan from the seaport of Karachi. By the end of 2010, the 

'HIHQVH�/RJLVWLFV�$JHQF\�(QHUJ\��'/$�(QHUJ\��ZDV�PRYLQJ����PLOOLRQ�JDOORQV�RI�

fuel per month into Afghanistan.�  

While operations draw down in 

Afghanistan, fuel demand will 

reduce but the resource intensive 

operations to move that fuel, 

ZLOO�FRQWLQXH���0RUH�HIÀFLHQW�DQG�

secure tactical electric power 

grids at very remote combat 

outposts throughout Afghanistan 

where energy security and 

logistics re-supply efforts are 

constrained will remain critical.

� ϯ� �ĞĨĞŶƐĞ�^ĐŝĞŶĐĞ��ŽĂƌĚ�dĂƐŬ�&ŽƌĐĞ�ŽŶ��Ž���ŶĞƌŐǇ�^ƚƌĂƚĞŐǇ�DŽƌĞ�&ŝŐŚƚ�>ĞƐƐ�&ƵĞů͕�&ĞďƌƵĂƌǇ�ϮϬϬϴ͘
 4 �ƌŵǇ��ŶǀŝƌŽŶŵĞŶƚĂů�WŽůŝĐǇ�/ŶƐƟƚƵƚĞ͕�^ƵƐƚĂŝŶ�ƚŚĞ�DŝƐƐŝŽŶ�WƌŽũĞĐƚ͗���ĂƐƵĂůƚǇ�&ĂĐƚŽƌƐ�ĨŽƌ�&ƵĞů�ĂŶĚ�tĂƚĞƌ�ZĞƐƵƉƉůǇ��ŽŶǀŽǇƐ�

&ŝŶĂů�dĞĐŚŶŝĐĂů�ZĞƉŽƌƚ͕�^ĞƉƚĞŵďĞƌ�ϮϬϬϵ͕�ǁǁǁ͘ĂĞƉŝ͘ĂƌŵǇ͘ŵŝů.
 5  �ĞƉƵƚǇ�^ĞĐƌĞƚĂƌǇ�ŽĨ��ĞĨĞŶƐĞ͕��ŶĞƌŐǇ�ĨŽƌ�ƚŚĞ�tĂƌĮŐŚƚĞƌ͗�KƉĞƌĂƟŽŶĂů��ŶĞƌŐǇ�^ƚƌĂƚĞŐǇ͕ �DĂǇ�ϮϬϭϭ͘

Generators 
made up 22% 
of the Army’s 
total energy 
consumption.

22%

^ŽůĚŝĞƌƐ�ŝŶƐƚĂůůĞĚ�ƐŽůĂƌ�ƉĂŶĞůƐ�Ăƚ�ŵŝůŝƚĂƌǇ�ŝŶƐƚĂůůĂƟŽŶƐ�
ůŽĐĂƚĞĚ�ŝŶ��ĨŐŚĂŶŝƐƚĂŶ͘
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The Department of Defense (DoD) has continued to place command emphasis on 

energy security. The Secretary of the Army, the Honorable John McHugh, recently 

UHOHDVHG�KLV�WRS�SULRULWLHV�IRU������WKDW�LQFOXGHG�´GHYHORS�HIIHFWLYH�HQHUJ\�

solutions”. 

3.2  Historical Aspect
The REF was established in 2003 by combining functions across several Army staff 

elements with the purpose of accelerating material solutions and technology 

LQVHUWLRQ�WR�VXSSRUW�ZDUÀJKWHU�UHTXLUHPHQWV����7KH�5()�LQYHVWLJDWHV�FXUUHQW�DQG�

emerging government and commercial technologies to provide rapid solutions 

IRU�XUJHQW�FRPEDW�UHTXLUHPHQWV���7KH�5()�ZDV�RQH�RI�WKH�ÀUVW�RUJDQL]DWLRQV�WR�

understand the impact of fuel in the battlespace and used spray foam insulation 

RQ�VWUXFWXUHV�WR�UHGXFH�GHPDQG�LQ�,UDT�DQG�.XZDLW�LQ�������$URXQG�WKH�VDPH�WLPH��

the REF initiated the Power Surety Task Force (PSTF), a group that investigated 

energy concepts, including executing 

the Net Zero Plus Joint Capability 

Technology Demonstration (JCTD) 

sponsored by the U.S. Central 

Command. The Net Zero Plus JCTD 

demonstrated several technologies to 

reduce fuel.  One of the technologies 

was a 1 megawatt microgrid that 

was deployed to Afghanistan in 2011 

and proved the concepts of power 

management in a deployed environment.6

 Congress also recognized the need for senior oversight and dictated the 

establishment of the Director for Operational Energy Plans and Programs in the 

'HIHQVH�$XWKRUL]DWLRQ�$FW�RI��������WKLV�SRVLWLRQ�ZDV�UHQDPHG�LQ������WR�WKH�2IÀFH�

of the Assistant Secretary of Defense for Operational Energy Plans and Programs 

(ASD(OEPP)).  This position was created to strengthen the energy security of U.S. 

PLOLWDU\�RSHUDWLRQV��7KH�PLVVLRQ�RI�WKH�RIÀFH�LV�WR�KHOS�WKH�PLOLWDU\�VHUYLFHV�DQG�

combatant commands improve capabilities, cut costs, and lower operational and 

strategic vulnerabilities and risks through better energy innovation, accounting, 

planning, and management.�

 6 �ƌŵǇ�DĂƚĞƌŝĞů�^ǇƐƚĞŵƐ��ŶĂůǇƐŝƐ��ĐƟǀŝƚǇ͕ �͞�ĨŐŚĂŶŝƐƚĂŶ�DŝĐƌŽŐƌŝĚ�WƌŽũĞĐƚ�;�DWͿ�KŶĞ�DĞŐĂǁĂƩ�DŝĐƌŽŐƌŝĚ͕͟ � 
dĞĐŚŶŝĐĂů�ZĞƉŽƌƚ�EŽ͘�dZͲϮϬϭϮͲϬϮ͕�&ĞďƌƵĂƌǇ�ϮϬϭϮ͘

 7 ϭϬ�h͘^͘��ϭϯϵď��ŝƌĞĐƚŽƌ�ŽĨ�KƉĞƌĂƟŽŶĂů��ŶĞƌŐǇ�WůĂŶƐ�ĂŶĚ�WƌŽŐƌĂŵƐ͘�

40,000,000
Gallons
By the end of 2010, the Defense 
Logistics Agency Energy (DLA-
Energy) was moving 40 million 
gallons of fuel per month into 
Afghanistan.
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In 2011, a project was jointly 

organized by the ASD(OEPP) and 

the REF to access energy use at 

various locations in Afghanistan. 

The team included stakeholders 

from Research, Development and 

Engineering Command’s Field 

Assistance in Science and Technology-

Center (RFAST-C), Communications 

Electronics Research, Development, 

and Engineering Center (CERDEC), 

United States Forces Afghanistan (USFOR-A) Operational Energy Division, Program  

Manager  Mobile  Electric  Power  (PM MEP) and Combined Joint Special Operations 

Task Force Afghanistan (CJSOTF-A).  Analysts traveled to several locations in the 

theater of operations and produced three extensive reports.8 9 10  These reports 

were the basis for continued REF energy efforts and provided the following insight 

into next steps to affect reductions in fuel use in Afghanistan:  

1. Deploy an implementation team with the appropriate knowledge, skills, 

and abilities to audit and make energy saving corrections at COPs.

2. Focus on demand reduction and improving power distribution at COPs.

3. Acquire effective material solutions that allow for a reduction in the 

logistical effort.

��� 7UDLQ�SHUVRQQHO�ZLWK�FULWLFDO�HQHUJ\�HIÀFLHQF\�VNLOOV�DQG�SURYLGH�UHDFK�

back support. 

These recommendations provided the framework for the REF to establish the 

E2E program.  As a result, in 2012, REF E2E was initiated to reduce energy 

requirements in the Afghanistan battlespace at the most remote sites. Power 

JHQHUDWLRQ�IRU�&23V��-&23V��963V��966$V�DQG�23V��LV�ZKHUH�IXHO�LV�GLIÀFXOW�DQG�

risky to deliver, and thus, the focus of the E2E program. 

� ϴ� ^ƵƌǀŝǀĂďŝůŝƚǇ�Θ�sƵůŶĞƌĂďŝůŝƚǇ��ƐƐĞƐƐŵĞŶƚƐ�&Žƌ�h͘^͘��ƌŵǇ�ZĂƉŝĚ��ƋƵŝƉƉŝŶŐ�&ŽƌĐĞ�;Z�&Ϳ͕�K^���ŶĞƌŐǇ�KĸĐĞ͕�ĂŶĚ�h^&KZͲ��
�ŶĞƌŐǇ��ŝǀŝƐŝŽŶ͕��ŶĞƌŐǇ�^ƵƌǀŝǀĂďŝůŝƚǇ�Θ�sƵůŶĞƌĂďŝůŝƚǇ�WƌŽũĞĐƚ͕�^hZs/���dĞĐŚŶŝĐĂů��ƌĞĂ�dĂƐŬ�ϭϬͲϮϱ͕��ĞůŝǀĞƌǇ�KƌĚĞƌ�ϯϳϭ�
;�ŽŶƚƌĂĐƚ�EŽ͘�^WKϳϬϬͲϬϯͲ�ͲϭϯϴϬͿ͕��ĞĐĞŵďĞƌ�ϮϬϭϭ͘

� ϵ� �ŶĂůǇƐŝƐ�ŽĨ��ůƚĞƌŶĂƟǀĞƐ�;�Ž�Ϳ�&Žƌ�h͘^͘��ƌŵǇ�ZĂƉŝĚ��ƋƵŝƉƉŝŶŐ�&ŽƌĐĞ�;Z�&Ϳ͕�K^���ŶĞƌŐǇ�KĸĐĞ͕�ĂŶĚ�h^&KZͲ���ŶĞƌŐǇ��ŝǀŝƐŝŽŶ�
�ŶĞƌŐǇ�^ƵƌǀŝǀĂďŝůŝƚǇ�Θ�sƵůŶĞƌĂďŝůŝƚǇ�WƌŽũĞĐƚ͕�^hZs/���dĞĐŚŶŝĐĂů��ƌĞĂ�dĂƐŬ�ϭϬͲϮϱ͕��ĞůŝǀĞƌǇ�KƌĚĞƌ�ϯϳϭ� 
;�ŽŶƚƌĂĐƚ�EŽ͘�^WKϳϬϬͲϬϯͲ�ͲϭϯϴϬͿ͕��ĞĐĞŵďĞƌ�ϮϬϭϭ͘

� ϭϬ �ŶĂůǇƟĐĂů�ZĞƉŽƌƚ�ŽŶ�EĞǁͬ�ŵĞƌŐŝŶŐ�dĞĐŚŶŽůŽŐŝĞƐ�&Žƌ�h͘^͘��ƌŵǇ�ZĂƉŝĚ��ƋƵŝƉƉŝŶŐ�&ŽƌĐĞ�;Z�&Ϳ͕�K^���ŶĞƌŐǇ�KĸĐĞ͕�ĂŶĚ�
h^&KZͲ���ŶĞƌŐǇ��ŝǀŝƐŝŽŶ��ŶĞƌŐǇ�^ƵƌǀŝǀĂďŝůŝƚǇ�Θ�sƵůŶĞƌĂďŝůŝƚǇ�WƌŽũĞĐƚ͕�^hZs/���dĞĐŚŶŝĐĂů��ƌĞĂ�dĂƐŬ�ϭϬͲϮϱ͕��ĞůŝǀĞƌǇ� 
KƌĚĞƌ�ϯϳϭ�;�ŽŶƚƌĂĐƚ�EŽ͘�^WKϳϬϬͲϬϯͲ�ͲϭϯϴϬͿ͕��ĞĐĞŵďĞƌ�ϮϬϭϭ͘

ZĞĨƵĞůŝŶŐ�ŽƉĞƌĂƟŽŶ�Ăƚ�WĂŶũǁĂŝ�ƐŝƚĞ͘
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The E2E project emphasis is on both material and non-material solutions that can 

be applied seamlessly at the tactical edge of COPS, VSPs and OPs. The primary 

objectives of the E2E initiative is to:  1)  provide Commanders at the tactical edge 

LQFUHDVHG�RSHUDWLRQDO�ÁH[LELOLW\�E\�UHGXFLQJ�UHOLDQFH�RQ�UHVXSSO\�RSHUDWLRQV�� 

2) provide suitable, sustainable and reliable power to meet the demand of mission 

critical systems.11 

3.3  Approach 
The REF initiated the E2E project to reduce operational energy requirements 

VSHFLÀFDOO\�LQ�WKH�$IJKDQLVWDQ�EDWWOHVSDFH���7KH�EDFNERQH�RI�WKH�(�(�SURMHFW�LV�

the experienced personnel that understand power as well as how to operate in 

the wartime environment. These persons are referred to as OE Advisors.  The REF 

deployed OE Advisors to Afghanistan to evaluate various sites to assess the in-

theater operational energy situation. The embed expertise analyzed strategic, 

operational, and tactical deployment of both materiel and non-materiel energy 

solutions, and provided recommendations on how to decrease energy, reduce risk, 

and increase operational availability of soldiers and systems. 

7KH�HIIRUWV�RI�WKH�2(�$GYLVRUV�DUH�JXLGHG�E\�VSHFLÀF�&RPEDW�&RPPDQGHU�UHJLRQDOO\�

focused requirements that leverage rapid acquisition efforts to enable immediate 

FRUUHFWLRQV�LQ�WDFWLFDO�HOHFWULFDO�GHÀFLHQFLHV��7KH�2(�$GYLVRUV�GLUHFWO\�VXSSRUW�

Combat Commanders on the ground with reach back through REF Operations while 

maintaining situational awareness through USFOR-A staff.  Based on this guidance, 

the OE Advisor traveled to the requested site and completed an analysis that 

LQFOXGHG�LGHQWLÀFDWLRQ�RI�WKH�FXUUHQW�EDVHOLQH�VLWXDWLRQ���7KLV�DQDO\VLV�GRFXPHQWHG�

the number of personnel, power usage, power generated, generator use and 

layout, equipment powered and any other issues noted.  From this assessment, 

the OE Advisor evaluated strategic, operational, and tactical deployment of both 

materiel and non-materiel energy solutions and provided recommendations to 

LPSURYH�JHQHUDWRU�HIÀFLHQF\��UHGXFH�IXHO��FRUUHFW�VDIHW\�FRQFHUQV�DQG�RU�HPSOR\�

hybrid and renewable systems. In the case of hybrid and renewable systems, the 

team determined the feasibility and effectiveness of the hybrid installations.  In 

most cases, non-material improvements were made immediately but in the case of 

installing hybrid and renewable solutions, considerable coordination was needed to 

schedule deliveries and installations.

 11 ^ĞŶŝŽƌ��ǆĞĐƵƟǀĞ��ŽƵŶĐŝů�ďƌŝĞĨ͕ �:ĂŶƵĂƌǇ�ϮϬϭϮ͘
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In some cases, the status of the sites changed rapidly often closing or expanding 

in short order, requiring repeated assessments and resulting in changing solution 

alternatives.  Solutions were 

material or non-material and 

were implemented immediately, 

or required additional supplies 

and equipment.   In cases where 

equipment was needed such as 

cables to combine generator loads or 

integration of a hybrid system, the 

request was made back to the REF 

forward team.  A REF Ten Liner (10L) 

is the document which addressed 

the material requirements.   

The REF 10L is the basic equipment starting point for the unit to communicate a 

FDSDELOLW\�JDS�WR�WHDPV�IRUZDUG�DW�%DJUDP�$LUÀHOG��%$)��DQG�.DQGDKDU�$LUÀHOG�

(KAF) and can be submitted from anyone starting at the squad leader level. The 

10L consists of ten (10) line similar to the Operational Needs Statement (ONS) 

requesting information on the problem, objectives and potential solutions. Once 

the 10L is completed and the REF Director approves the requirement it becomes 

an Army G3 (Operations) requirement and carries the same weight as other 

UHTXHVWV�IURP�WKH�$IJKDQLVWDQ�VWDII��7KH���/�EHFRPHV�FODVVLÀHG�RQFH�FRPSOHWHG�

DQG�PXVW�EH�VHQW�WKURXJK�FODVVLÀHG�QHWZRUNV����2QFH�WKH�5()�DSSURYHV��IXQGV�DQG�

contracts for the item, the REF team will coordinate the shipment through military 

or commercial means.  Once a unit is equipped with a capability, contracted 

support, repairs, and/or spares is provided or until a PM or other POR provides for 

continuation in theater.   

$V�RI�-DQXDU\�������WKH�(�(�WHDP�WUDYHOHG�WR�ÀIW\�VHYHQ������VLWHV�DQG�FRPSOHWHG�

thirty-nine (39) reports.  The focus of the OE Advisors changed as the U.S. mission 

in Afghanistan changed.  Earlier assessments in 2012 looked at the entire base 

and recommended changes to the power grid and added hybrid systems where 

applicable.  More recently in 2013 as the U.S. military downsized and the security 

environment became more critical, efforts concentrated on implementing 

immediate solutions to weapon system platforms and force protection systems. 

Appendix A provides a list of all the sites visited, date of the visit, and what 
was accomplished at each site.

^ŽůĂƌ�^ƟŬ��ŝŶƐƚĂůůĞĚ�Ăƚ�'ĂŵďĂƌŝ�ƐŝƚĞ͘
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4.1  Understanding Power and Energy
7R�XQGHUVWDQG�WKH�SRZHU�QHHGV�RI�WKH�FRPEDW�XQLWV��D�TXLFN�GHÀQLWLRQ�LV�QHHGHG���

Power is the maximum used or the maximum generation that can be provided. 

Units are in kWs.  Energy is the instantaneous power multiplied by time for each 

hour measured in kilowatt-hours (kWh). Electrical needs must be addressed as both 

power and energy requirements. Power is the demand (kW) needed instantaneously 

to supply the load.  Energy is the usage or power consumed (kWh) over time by the 

load.12  

Electrical power encompasses the 

entire spectrum of power generation 

and distribution that supports 

military operations. This spectrum 

covers tactical power, prime power, 

and commercial power.  Tactical 

power supports units engaged in 

combat operations and relies on 

military tactical generators (TQGs) 

LQ�SRZHU�UDQJHV�IURP���WR����N:�

and does not need transformers.  

These generators are part of the military units table of organization and equipment 

(MTOE) and should deploy with the unit.  Prime Power is power produced by 

non-tactical generators larger than 200kW.  Prime power assets are employed at 

intermediate staging bases or larger base camps in forward areas as they require 

VLJQLÀFDQW�VLWH�SUHS�WR�LQVWDOO�VZLWFKJHDU��WUDQVIRUPHUV�DQG�FDEOLQJ��7KLV�SRZHU�

is provided on an as needed basis to support military operations as directed by 

the theater Army or Joint Task Force (JTF) Commander.  Commercial power is the 

generation systems that are nonstandard systems available from the commercial or 

local marketplace with output capacity from a few kilowatts to several thousand 

megawatts.13  Some COPs use only military tactical quiet generators (TQGs) while 

others use “white generators” - commercial generators purchased on the local 

economy. 

Energy is further delineated between what is needed for installations and what is 

needed for tactical needs to support military operations.  In addition to mandating 

WKH�SRVLWLRQ�RI�$6'��2(33������8�6�&��6HFWLRQ����F�GHÀQHV�2(�DV�WKH�´HQHUJ\�

required for training, moving and sustaining military forces and weapons platforms 

 12 ��Z>�ZĞƉŽƌƚ�ϮϬϭϬ͘
� ϭϯ &ŝĞůĚ�DĂŶƵĂů�&D�ϯͲϯϰ͘ϰϴϬ��ŶŐŝŶĞĞƌ�WƌŝŵĞ�WŽǁĞƌ͕ ��Ɖƌŝů�ϮϬϬϳ͘

dǁŽ�;ϮͿ�ϭϱŬt�ŐĞŶĞƌĂƚŽƌƐ�Ăƚ�<ŚĞŶũĂŬĂŬ�ƐŝƚĞ͘
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IRU�PLOLWDU\�RSHUDWLRQV�µ��$SSUR[LPDWHO\�����RI�WKH�

energy consumed in 2009 was considered operational 

XQGHU�WKLV�GHÀQLWLRQ��� Installation-based sites encompass 

WKH�UHPDLQLQJ�����DQG�KDYH�GLIIHUHQW�DQG�PDQGDWHG�

legislative requirements.

Additionally, DoD released Directive 3000.10 on 

January 10, 2013 to assign policy and responsibilities 

for contingency basing outside the United States. This 

directive provides common standards for planning, 

designing and constructing bases and directs operational 

HQHUJ\�HIÀFLHQF\���  

4.2  Understanding the Site
Military bases are integral to supporting military operations and have a wide range 

of sizes and missions. In Afghanistan there are large bases such as BAF and KAF 

that are primary sites for soldier and equipment movement. These sites can have 

�������RU�PRUH�SHRSOH��6PDOOHU�VL]H�EDVHV�DUH�FDPSV�VXFK�DV�&DPS�/HDWKHUQHFN�

have approximately 10,000 people and are also major hubs for logistics. The 

next smaller base type is a FOB. FOBs typically have a brigade or a battalion 

size element plus support personnel and enablers, totaling between 2,000-3,000 

personnel.  Most of these sites are supported by the Logistics Civil Augmentation 

3URJUDP��/2*&$3���6RPH�VLWHV�KDYH�DLUVWULSV�WKDW�FDQ�VXSSRUW�D�&����*OREHPDVWHU�

aircraft to support large resupply operations.  Almost all FOBS are serviced by 

Prime Power with power requirements in the megawatts (MW).  This level of 

installation typically has battalion or brigade command and control elements. FOBs 

typically have many hard structures, B-huts, large aerostats, maintenance bays and 

large dining facilities. 

As troops deploy to outer areas and within the populace, a smaller footprint is 

desired and units establish COPs, VSPs, JCOPs, VSSAs and OPs.  COPs, JCOPs, 

VSPs, and OPs are primary locations to execute combat operations.  These sites 

are normally established far from larger bases and normally have much smaller 

populations and far less power requirements. They are smaller and typically 

support a company sized element plus enablers—around 200-300 personnel—but 

 14  /ďŝĚ͕��Ž���ŝƌĞĐƟǀĞ�ϯϬϬϬ͘ϭϬ͘
 15 �ĞƉĂƌƚŵĞŶƚ�ŽĨ��ĞĨĞŶƐĞ��ŝƌĞĐƟǀĞ͕��ŽŶƟŶŐĞŶĐǇ��ĂƐŝŶŐ�KƵƚƐŝĚĞ�ƚŚĞ�hŶŝƚĞĚ�^ƚĂƚĞƐ͕�EƵŵďĞƌ�ϯϬϬϬ͘ϭϬ͕�:ĂŶƵĂƌǇ�ϭϬ͕�ϮϬϭϯ͘

Approximately 
75% of the 
energy 
consumed 
in 2009 was 
considered 
operational.

75%
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FRXOG�EH�DV�VPDOO�DV�ÀIW\������SHUVRQQHO���7KH\�GHSHQG�RQ�ORJLVWLFDO�VXSSRUW�IURP�D�

FOB, and the threat of attack is considerably higher. 

The power requirements for various sites are based on the size and mission of that 

site. It is also important to note that each FOB and COP is entirely different and 

there is no standardization between them. They each have different equipment, 

physical size, power demand, number of personnel, mission sets, layout, and 

level of support. There are two established power systems at FOBs:  FOBs that 

are on an established power grid and FOBs using spot generators as their primary 

VRXUFH�RI�SRZHU���&ULWLFDO�IDFLOLWLHV�DUH�GHÀQHG�DV�KHDGTXDUWHUV��GLQLQJ�IDFLOLWLHV��

communications and medical facilities.  These critical facilities usually have spot 

generators even if there is a power grid as a back-up.  Smaller sites such as COPs, 

VSPs, and OPs are not on established power grids and utilize a mix of commercial 

and military TQGs.    Many of the sites must relocate on short notice due to mission 

requirements and will increase/decrease in size due to mission needs.  Mission, 

equipment and personnel all impact the power requirements for each site.  

COPs made up the majority of the sites visited by the E2E team.  Power generating 

DVVHWV�UDQJHG�IURP����N:�DW�&23�.KHQMDNDN�WR�����N:�DW�&23�;LR�+DT���,Q�PDQ\�

cases the generators powering each of the sites were operating at 30% load or less.  

The average load recorded at these COPS was 219kW, with the smallest at COP 

*LUR�RI���N:�DQG�WKH�ODUJHVW�UHFRUGHG�ORDG�RI����N:�DW�;LR�+DT�  

VSP and VSSA are usually 

PDQQHG�DW����RU�OHVV�

personnel and have 

considerable lower power 

demands – mostly for force 

protection systems.  These 

sites normally did not have 

excess generating capacity 

in the number of generators 

but often had only one large 

generator providing the 

HQWLUH�ORDG�ZLWKRXW�DQ\�EDFN�XS�V\VWHP����7KHVH�VLWHV��VXFK�DV�963�/DP��EHQHÀWHG�

from the installation of hybrid systems to power force protection systems.  One or 

two OPs usually overlook a COP and provide security and early warning in case of 

attack. Supporting every COP there is at least one OP. OPs are typically manned by 

a squad-size (twelve (12) personnel) or team-size (six (6) personnel) element, and 

ZĞŵŽƚĞ��KW�ƐŝƚĞ͘
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VXSSRUW�&23V�E\�SURYLGLQJ�HDUO\�ZDUQLQJ�DQG�FRYHULQJ�ÀUH��7KH�23V�WKDW�RXU�WHDP�

REVHUYHG�KDG�SRZHU�GHPDQG�UHTXLUHPHQWV�EHWZHHQ��N:�DQG���N:���

COPs often have Afghan National Army (ANA) or Afghan National Police (ANP) living 

within their perimeter, but they also could have State Department Provincial 

Reconstruction Teams (PRT), contractor security, Pakistan military forces, 

LOGCAP personnel, Other Government Agencies (OGA), and Special Operations 

Forces (SOF).  Shinwar was an Other Defense Activity (ODA) that required power 

independent of the ANA grid for security reasons.  The E2E team installed a 

transfer switch and developed a power plan that a third party contractor installed.  

Power surety, meaning ensuring backup power and continuous power at all 

times was another issue that was corrected by the OE Advisors.  There were 

circumstances where COPS were without critical power due to generator problems 

and many did not have back-up generators or switching material to allow seamless 

transfer to other generators even if they were available.  COP Tagab was assessed 

RQ�0D\�����������DQG�UHSRUWHG�EODFN�RXWV��%HFDXVH�WKH�SUHYLRXV�&23�VLWH�KDG�

belonged to allied forces, and the generator was removed when those forces 

left, the unit was left without power for several days.  VSP Walen Rabat had only 

one generator, which often went down, forcing the unit to go black at times.  

Equipment was installed at COP Takh Tek Pol and COP Edgerton to allow the use of 

back-up power.  The OE Advisors provided equipment and installation to correct 

these issues.

4.3  Understanding the Roles and 
Responsibilities of OE Advisors 
In Afghanistan, the shortage of uniformed energy informed personnel resulted 

in the utilization of contracted OE Advisors to provide the necessary technical 

expertise to both assess and implement power solutions at austere sites.   The 

OE Advisors recommended changes to the power grid and integrated additional 

K\EULG�VROXWLRQV�WR�LPSURYH�HIÀFLHQFLHV�WKXV�UHGXFLQJ�IXHO�GHPDQG�DQG�LQFUHDVLQJ�

availability of equipment.  The OE Advisors possessed the knowledge and had 

access to REF distribution networks and Continental United States (CONUS) based 

logistics support to resource this effort.  

5()�LQLWLDOO\�GHSOR\HG�IRXU�����2(�$GYLVRUV�EXW�TXLFNO\�IRXQG�WKDW�HOHFWULFLDQV�

were vital to making improvements on the numerous small outposts where power 



Understanding Operational Energy

U.S. Army Rapid Equipping Force| 19

grids were in disarray or non-existent.  Two (2) electricians were added to the 

deployment team to enable greater capability.  

The U.S. Army Training and Doctrine Command Army Capabilities Integration Center 

(TRADOC/ARCIC) released a report in July 2013 that investigated the impact of both 

military and contractor OE Advisors.  This report documented the positive results of 

both the REF deployed OE Advisors and the military operational energy advisor 

DVVLJQHG�WR�WKH����rd Airborne Brigade Combat Team and recommended “the Army 

continue to provide OE Advisors while establishing enduring solutions to the Brigade 

Combat Team (BCT) capability gap in planning and designing power generation and 

distribution for their outposts.”16

The OE Advisor understands 

both non-material and material 

improvements that can be 

implemented.  The impact the 

REF OE Advisors made ranged 

from re-wiring the power grid to 

save power and improve safety to 

installing and training soldiers on 

E2E equipment.  There are efforts 

underway to make the OE advisor 

part of a military position.

Power and generator management training is currently under revision at TRADOC.  

This report reiterates the need to prioritize that effort based on observations in 

Afghanistan from 2011 to present.   The average COP Mayor has not been properly 

WUDLQHG�RQ�HVWDEOLVKPHQW�RI�DQ�HIÀFLHQW�DQG�VHFXUH�WDFWLFDO�HOHFWULFDO�SRZHU�JULG���

Moreover, the most valuable engineer MOS Prime Power Production Specialists (21P) 

that are capable and trained on power distribution, are not organic to most units 

and were not available to travel to remote operating bases and village stability 

platforms.  These capable soldiers did serve great value at larger base camps where 

brigade staffs resided.  The Generator Mechanics (91D) remain the most common 

DVVHW�D�VPDOO�XQLW�FDQ�OHYHUDJH�WR�HQVXUH�D�VDIH�DQG�UHOLDEOH�DQG�HIÀFLHQW�HOHFWULFDO�

grid is established.  Currently these assets are not fully trained but an aggressive 

TRADOC effort should alleviate that in Army 2020 formations.

 16  �ŶĞƌŐǇ�ƚŽ�ƚŚĞ��ĚŐĞ�dŚĞĂƚĞƌ��ƐƐĞƐƐŵĞŶƚ�ZĞƉŽƌƚ͕�h͘^͘��ƌŵǇ�dƌĂŝŶŝŶŐ�ĂŶĚ��ŽĐƚƌŝŶĞ��ŽŵŵĂŶĚͬ�ƌŵǇ��ĂƉĂďŝůŝƟĞƐ�/ŶƚĞŐƌĂƟŽŶ�
�ĞŶƚĞƌ�;�Z�/�Ϳ͕�:ƵůǇ�ϯϭ͕�ϮϬϭϯ͘

K���ĚǀŝƐŽƌ�ƚƌĂŝŶƐ�ƐŽůĚŝĞƌƐ�Ăƚ�DƵƐŚĂŶ�ƐŝƚĞ͘�
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5.1  Non-Material Fixes 
7KH�(�(�WHDP�IRXQG�WKH�PRVW�VLJQLÀFDQW�ZD\�WR�UHGXFH�HQHUJ\�ZDV�WR�FRQVROLGDWH�

loads on generators.  This allowed removing unnecessary generators that were 

operating with low or close to no power load.  In most cases, the team found 

the load on generators at 20-30%, well below the 80% recommended operating 

window.��  The OE Advisors did not try to reduce demand by turning off soldier 

equipment, but instead changed the power layout, which was transparent to the 

user.  Assessment of the sites was 

based on measured electrical loads 

and observation of available power.  

The sites were often improved by 

combining loads and taking generators 

off-line. In some cases, maintenance 

plans were developed to reduce 

maintenance on the generators. VSSA 

Delaram is an example of successful 

non-material improvements that saved 

318 gallons of fuel a day by removing 

six (6) generators.  

Key Improvements:

1. Right Sizing - Matched power generation to meet the power load by 
UHFRQÀJXULQJ��JHQHUDWRUV�  Generators are added to support individual 

systems that are sized to meet peak loads.  Additionally, new units 

to the battlespace often bring their own power generation resulting 

in an abundance of power generation or large generators supporting 

unmatched loads.   As a result, the generators are underutilized and 

will break down or have increased maintenance issues.  This is often 

called “wet-stacking” a condition which occurs in engines when fuel is 

not completely burned.  Many generators needed to be replaced due to 

underutilization. For example, at Sperwan Ghar, a commercial Marapco 

03����N:�JHQHUDWRU�ZDV�SURYLGLQJ�RQO\���N:�DW�SHDN�GHPDQG�

2. Power Distribution - Maximized the on-site spot generation by 
combining loads (or circuits/ lines) from one generator to another.  
Power distribution equipment such as military varients Power 

Distribution Illumination System Electrical (PDISE) and MEP-DIS-R and 

 17 ͞KƉĞƌĂƟŽŶ��ǇŶĂŵŽͶƉŽǁĞƌ�ĨŽƌǁĂƌĚ͕͟ �ǁǁǁ͘ĂƌŵǇ͘ŵŝů͕��DĂƌĐŚ�Ϯϭ͕�ϮϬϭϯ͘

ϲϬŬt�ŐĞŶĞƌĂƚŽƌ�ǁŝƚŚ�W�/^��ĚŝƐƚƌŝďƵƟŽŶ͘
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commercial junction boxes were often on site but were not installed. 

By developing a power plant and incorporating power distribution, 

JHQHUDWRUV�FRXOG�EH�FRPELQHG��7KLV�UHVXOWHG�LQ�LQFUHDVLQJ�WKH�HIÀFLHQF\�

of one generator and using the other “underutilized” generator as a 

backup for the tactical operations center (TOC) or communication needs. 

Many sites were not equipped with backup generators which are critical. 

If a generator fails, all powered devices such as communications and 

camera systems are disabled. 

3. Training - Provided soldiers with a better understanding of site 
power requirements. Training included understanding loads, power 

requirements, right sizing of generators, as well as set-up and operation 

of hybrid systems.   At each site, the delegated soldier is  “the power 

guy” tasked with generator operations/maintenance. Once trained, 

this solider could advise the command on possible issues or make 

recommended changes.

5.2  Material Fixes 
7KH�(�(�WHDP�XWLOL]HG�PDWHULDO�À[HV�WKDW�LQYROYHG�DGGLQJ�K\EULG�V\VWHPV�WR�

augment a generator or provide stand-alone power. Because many systems are 

deployed with generators sized for peak loads, the generator is underutilized 

the vast majority of the time.  Hybrid power systems are able to meet this peak 

demand and provide a constant load without wasting fuel. Hybrid systems tend 

to show the most promise because of redundant capability and can support larger 

power demands. Hybrid energy systems provide both primary and backup power, 

thus enabling power surety for critical assets.

The REF purchased several hybrid systems to install in theater. The next table shows 

the equipment and installation location.  (Note: this table includes equipment 

that was moved from one site to another when a base closed and is not to provide 

system totals.)  Appendix B includes information on the Hybrid Power Systems 
installed by the E2E team.

DŽŽƌĞĚ�Z��W͘
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Impact on Operational Energy
Equipment and Installation Location 

>ŽĐĂƟŽŶ ^ŽůĂƌ�^ƟŬ�
360

^ŽůĂƌ�^ƟŬ�
400

SS Patrol 
WĂĐŬ

H-Series T-Series 
;ϭϬŬtͿ

T-Series 
;ϱŬtͿ

FORGE 440 FORGE 510 t�^W ^ƵŶĚŝĂů

��&Ͳ&^Z�ůŽĐĂƟŽŶ ƉŽǁĞƌŝŶŐ�
&^Z�ƐŝƚĞ

��&Ͳd�>^�ƐŝƚĞ�EŽƌƚŚ ƉŽǁĞƌ�
ůĂŶĚŝŶŐ�
ƐǇƐƚĞŵ�

��&Ͳd�>^�^ŝƚĞ�^ŽƵƚŚ ƉŽǁĞƌ�
ůĂŶĚŝŶŐ�
ƐǇƐƚĞŵ�

��&Ͳd&��ƌĂŐŽŶ ƉŽǁĞƌ�
ƐǇƐƚĞŵƐ�ŝŶ�
dK�

ƉŽǁĞƌ�
ĐŽŵƉƵƚĞƌ�
ƐƚĂĐŬ

��&Ͳd&�&ĂůĐŽŶ ƉŽǁĞƌ�
ĐŽŵŵƐͬ�
ĐŽŵƉƵƚĞƌ�
ƐƚĂĐŬ

��&ͲtĞĂƚŚĞƌ�^ƚĂƟŽŶ�
EŽƌƚŚ

ƉŽǁĞƌ�
ǁĞĂƚŚĞƌ�
ƐƚĂƟŽŶ

��&ͲtĞĂƚŚĞƌ�^ƚĂƟŽŶ�
DŝĚ

ƉŽǁĞƌ�
ǁĞĂƚŚĞƌ�
ƐƚĂƟŽŶ

��&ͲtĞĂƚŚĞƌ�^ƚĂƟŽŶ�
^ŽƵƚŚ

ƉŽǁĞƌ�
ǁĞĂƚŚĞƌ�
ƐƚĂƟŽŶ

ƉŽǁĞƌ�
ǁĞĂƚŚĞƌ�
ƐƚĂƟŽŶ

�ĂŵƉ��ůĂƌŬ ƉŽǁĞƌ�
ǁĂƌŵ�s^W�
ƐŝƚĞ

ƉŽǁĞƌ�
ĐƌŝƟĐĂů�
�ŽŵƐ

�ŚĂƉŵĂŶ ƉŽǁĞƌ�
Z��W

�ĞůĞƌĂŵ ƉŽǁĞƌ�
Z�/�

ƉŽǁĞƌ�
'ǇƌŽ�Ăŵ

ƉŽǁĞƌ�
^��,hdƐ

Fortress ƉŽǁĞƌ�
Z�/�

ǀĞŚŝĐůĞ�
ƉŽǁĞƌ

Gambari ƉŽǁĞƌ�
Z��W

ƉŽǁĞƌ�
Z��W�ǀŝĚĞŽ

Giro ƉŽǁĞƌ�
Z�/�

ǀĞŚŝĐůĞ�
ƉŽǁĞƌ
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>ŽĐĂƟŽŶ ^ŽůĂƌ�^ƟŬ�
360

^ŽůĂƌ�^ƟŬ�
400

SS Patrol 
WĂĐŬ

H-Series T-Series 
;ϭϬŬtͿ

T-Series 
;ϱŬtͿ

FORGE 440 FORGE 510 t�^W ^ƵŶĚŝĂů

,ĂƌƌŝŶŐƚŽŶ�'ĂƚĞ�
;,ĂŝƌŝƚĂŶͿ

ƉŽǁĞƌ�
ĐĂŵĞƌĂ�
ƐǇƐƚĞŵ

,ĞƌĞĚŝĂ ƉŽǁĞƌ�;ϮͿ�
dK���ůĚŐƐ

:ĂŐŚĂƚŽ ƉŽǁĞƌ�
ƌĂĚĂƌ�
ƐǇƐƚĞŵ

:ƵƐƟĐĞ ƉŽǁĞƌ�
Z�/�

ǀĞŚŝĐůĞ�
ƉŽǁĞƌ

<ŚŽŐǇĂŶŝ ƉŽǁĞƌ�
Z�/�

Lam ƉŽǁĞƌ�
Z�/�

ĐŚĂƌŐĞ�
ǀĞŚŝĐůĞ�
ďĂƩĞƌŝĞƐ

ƉŽǁĞƌ�ĂŝĚ�
ƐƚĂƟŽŶ

ƉŽǁĞƌ�
ŐƵĂƌĚ�ƐŝƚĞ

>ĞĂƚŚĞƌŶĞĐŬ ƉŽǁĞƌ�
,/D�Z^

DĂǌĂƌͲĞͲƐŚĂƌŝĨͲ�^Kd&Ͳ� ƉŽǁĞƌ�/ds�
ĂŶĚ�ĐĂŵĞƌĂ

ƉŽǁĞƌ��/��
ƐƚĂƟŽŶ

DĂŝǁĂŶĚ ƉŽǁĞƌ�
Z�/�

DƵƐŚĂŶ ƉŽǁĞƌ�ĮƌĞ�
ĚŝƌĞĐƟŽŶ�
ĐĞŶƚĞƌ

E<��<ĂďĂů ƉŽǁĞƌ�
Z��W

Pasab ƉŽǁĞƌ�
Z�/�

^ŶĂŬĞ�Wŝƚ ƉŽǁĞƌ�
ĐŽŵƐ

dĂƉĂŐƵƌŚĂŶ�Ͳ�^Kd&Ͳ� ƉŽǁĞƌ�dK�

dŚŽŵĂƐ ƉŽǁĞƌ�
Z�/�

tĂůƚŽŶ ƉŽǁĞƌ�
ŵŽƚĂƌ�Ɖŝƚͬ
dK�
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5.3  Example Sites
As stated before, no two FOBs, COPs, JCOPs, VSPs, and VSSAs were alike.  Every 

site was different depending on the mission, personnel, and equipment.  And 

almost every site was constantly changing as some bases closed and some added 

personnel.  There were several sites where the OE Advisor made tremendous 

impacts and some of these sites are outlined below.  (Note: Appendix A contains a 

list of sites visited and the changes that were or were not implemented.)  

SITE:  VSSA Delaram  
Problem: Excess power 

generation.

Background:  The E2E team 

ÀUVW�YLVLWHG�966$�'HODUDP�LQ�

October 2012. This was a small 

VLWH�RI�����SHUVRQQHO�DQG�D�

SRZHU�ORDG�RI����N:���7KHUH�

were 13 generators that could 

JHQHUDWH�����N:�DQG�ZHUH�

UXQQLQJ�DQ\ZKHUH�IURP����N:�

to 1000kW on a typical day.  Fuel was delivered to this site by contractor 

trucks.  Once delivered, an internal fuel trunk operated by SOF soldiers 

delivered fuel to 8 sites within the VSSA per day. 

Solution:�7KLV�VLWH�LV�DQ�H[DPSOH�RI�D�VLWH�WKDW�EHQHÀWHG�IURP�ERWK�PDWHULDO�

and non-material changes.  The E2E team developed a power plan to 

eliminate six generators.  In refueling time alone, workload was reduced by 

���KRXUV�SHU�ZHHN��7KLV�ZDV�GRQH�E\�LQVWDOOLQJ�RQH�����$03�EUHDNHU�SDQHO�

and cables, which enabled the use of a single generator to power all loads.  

A maintenance plan was developed that reduced the maintenance team 

IURP����WR���SHUVRQQHO���7KLV�VLWH�DOVR�EHQHÀWHG�IURP�K\EULG�DOWHUQDWLYH�

energy systems.  The Sundial solar panel system was added to power a 

training site with a TOC at the outskirts of the VSSA.  The E2E team also 

recommended adding a Solar Stik 360 to power the RAID system and an 

H-Series to power the main Entry Control Point (ECP) with a small radar 

system.

^K&�ƐŽůĚŝĞƌ�ůĂǇƐ�ŐĞŶĞƌĂƚŽƌ�ĐĂďůĞ�Ăƚ�s^^���ĞůĂƌĂŵ͘
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SITE:  COP Justice
Problem: Excess power 

generation and minimal 

energy security. 

Background:  The E2E team 

assessed COP Justice in 

August 2012.  COP Justice 

was powered by the ANA 

power grid, which left the 

U.S. forces in need of energy 

independence.  There was 

����N:�RI�SRZHU�JHQHUDWLQJ�IRU�D�ORDG�RI����N:���

Solution:  This site is an example of excess power generation, energy 

security needs and the use of hybrid systems.  Changes were recommended 

to reduce the number of generators and E2E equipment was installed.  

7KH�6RODU�6WLN�����ZDV�LQVWDOOHG�WR�SRZHU�5$,'�WRZHUV�DQG�WKH�)25*(�����

provided power to charge vehicle batteries.

SITE:  ODA Shinwar 
Problem: Improve energy 

security.

Background: Shinwar was a 

location that was occupied 

by three distinct functional 

groups. These groups were 

U.S. Army, ANA, and SOF 

soldiers. The power grid had 

a main prime power plant 

FRQVLVWLQJ�RI�WZR����N:�

generators that powered most of the site and several groups of smaller 

JHQHUDWRUV���������N:��WKDW�DXJPHQWHG�WKH�PDLQ�SRZHU�JULG�ZKHUH�

necessary.  The Army unit was scheduled to leave and turn over their 

piece of the FOB to the ANA. The SOF unit that was staying at Shinwar 

would be provided power from the ANA controlled and serviced power 

generators. The SOF unit requested that E2E personnel provide power 

security and independence from the AFG power grid. This was presented 

�KW�:ƵƐƟĐĞ͘

WŽǁĞƌ�ĚŝƐƚƌŝďƵƟŽŶ�ƚĞƌŵŝŶĂů�Ăƚ�K���^ŚŝŶǁĂƌ͘
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as a power surety requirement. 

Additionally, the SOF unit 

requested additional power 

surety for ISR/Force protection 

platforms to augment power 

reliability.  

Solution: This site is an example 

of power surety.  The solution 

was to install two 60kW TQG’s 

to provide independent power 

for the SOF unit.  First, the E2E team isolated the SOF power requirements to 

a different distribution panel.  Next, the E2E team connected the two 60kW 

generators and an external bulk fuel tank.  The two generators and fuel tank 

were located inside the SOF controlled area to allow exclusive control of a 

dedicated power source.  The ability to draw power from the ANA controlled 

prime generators remained if that connection was desired.  This provided the 

SOF unit with Power Surety.   

SITE:  Weather Station at Bagram Airport
Problem:  Power needed at 

DFWLYH�DLUÀHOG��

Background:  The air stations 

are not able to be serviced 

because of close proximity to 

DQ�DFWLYH�DLUÀHOG���)XHOLQJ�D�

system that consists only of 

a generator is not possible 

because regular servicing of 

these locations would hinder aircraft movement.  A solution was needed to 

power the Tactical Automatic Landing System (TALS).

Solution:  This site is an example that required a solution that would burn as 

little fuel as possible to limit the movement to and around the sites.  These 

stations are required for the enhanced safety of all aircraft using the BAF 

$LUÀHOG�LQ�DOO�ZHDWKHU�FRQGLWLRQV�DQG�UHTXLUHG�D�K\EULG�V\VWHP�IRU�SRZHU�

generation.  The South Field received T-Series for the Primary Sensor Group, 

0LG�)LHOG�UHFHLYHG�D�6RODU�6WLN�����DQG�WKH�1RUWK�)LHOG�UHFHLYHG�DQ�7�6HULHV�

ZLWK��N:�

tĞĂƚŚĞƌ�ƐƚĂƟŽŶ�ůŽĐĂƚĞĚ�Ăƚ��ĂŐƌĂŵ��ŝƌĮĞůĚ͘

/ŵƉƌŽƉĞƌ�ĞůĞĐƟĐĂů�ǁŝƌŝŶŐ�Ăƚ�K���^ŚŝŶǁĂƌ͘
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SITE:  FOB Gambari
Problem:  REAP system lost 

power.

Background:  REAP is 

a critical aerostat that 

experienced frequent 

power outages and surges 

that destroyed tethers and 

cameras.  The system was not 

operational 2 to 3 days every 

week due to these problems.  

Solution:  This site is an example of critical equipment powered by hybrid 

systems. In September 2013, the E2E team added hybrid power to provide 

SULPDU\�SRZHU�WR�WKH�5($3�SODWIRUP��7KH�6RODU�6WLN�����ZDV�LQVWDOOHG�WR�

provide reliable and continuous power. Without the clean power from the 

6RODU�6WLN������WKH�V\VWHP�

ZRXOG�QRW�Á\��$�6RODU�6WLN�

patrol pack was added to act 

as the uninterrupted power 

supply (UPS) for video data 

during power loss.  Before this 

installation, critical real time 

video from the REAP would be 

lost every time the power 

would go out.  Now the video 

feed continues regardless of 

power outages. 

SITE:  Camp Clark
Problem: Fuel limitations for solider missions.

Background:  The E2E team traveled to Camp Clark in October 2013 to 

XQGHUVWDQG�WKH������st mission.  The security environment required the 

unit is to occupy the VSP only during the day.  The unit wanted alternative 

energy systems to power critical systems while occupying the site.  Carrying 

fuel was not an option.  

�Ϯ���ŽŶƚƌĂĐƚŽƌ�ƚƌĂŝŶƐ�ƐŽůŝĚĞƌ�ƚŽ�ƵƐĞ�^^�WĂƚƌŽů�WĂĐŬƐ͘

Z��W�ŝŶƐƚĂůůĂƟŽŶ�Ăƚ�&K��'ĂŵďĂƌŝ͘�
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Solution:  This site is an 

example of an installation of 

alternative energy systems 

that were installed because 

additional fuel was not an 

option. The E2E team installed 

two (2) SS Patrol Packs and 

WASP systems.  The patrol 

pack provides power for 

computers, radios and critical 

LQIUDVWUXFWXUH���7KH�:$63�V\VWHP�SURYLGHV�HPHUJHQF\�SRZHU�ZLWK�%$������

batteries and the ability to recharge batteries through solar panels.  

SITE:  Maiwand
Problem:  Improve operational 

availability of force protection 

system.

Background:  Force Protection 

systems such as the RAID are 

often the only visual presence 

WKH�ZDUÀJKWHU�PD\�KDYH�RI�WKH�

area.  In the case of Maiwand, 

the site was surrounded by 

walls and the elevated camera 

system was the main ISR 

asset and was required to be 

operational at all times.   Power was provided by a 100kWTQG which was 

sized to peak load to power other assets as well as the RAID and required 

constant refueling.

Solution:  Installed a SS 360 with a 3 kW TQG to power the RAID tower 

which enabled the system to operate from the solar charged battery 

system, and to operate independent of the 100kW TQG.  In addition to 

reducing the amount of refueling needed, this allowed the system to 

continue to function even if the TQG went down.

ϯŬt�,ǇďƌŝĚ��ŶĞƌŐǇ�^ǇƐƚĞŵ͕�^ŽůĂƌ�^ƟŬ�ϯϲϬ

^^�WĂƚƌŽů�WĂĐŬƐ�Ăƚ��ĂŵƉ��ůĂƌŬ�ƐŝƚĞ͘



6.0 Major 
Concepts 



Major Concepts

U.S. Army Rapid Equipping Force| 31

6.1  Demand Reduction 
What E2E team experienced:

The E2E team found a typical base is a mix of buildings and tents at most 

sites visited, with very little commonality.  Sites had poor to no insulation, 

which only contributed to the high demand of Environmental Controls 

Equipment (ECUs).  Most ECUs were commercial systems purchased on the 

open market.

What the E2E team accomplished:
:KLOH�WKH�(�(�WHDP�GLG�QRW�LQVWDOO�VSHFLÀF�GHPDQG�UHGXFWLRQ�LWHPV��WKH�

5()�GHPRQVWUDWHG�HQHUJ\�HIÀFLHQW�VWUXFWXUHV�LQ�/LWH�&DPSV�DW�WKH�1HWZRUN�

Integration Evaluation (NIE) 13.2 and at the Army Expeditionary Warrior 

Experiments (AEWE).  These Lite Camps received positive feedback from 

soldier use18 and the REF will be deploying these base camps to sites around 

the world. 

How to make these changes Army-wide:
Structures serve the purpose of providing space for the elements such as 

TOCs, dining and shower facilities, medical, fuel storage and life support 

operations.  The power demand often has more to do with the structure 

itself then the equipment inside.  For example, tents require the ECUs 

to work harder than if heating/cooling a rigid wall structure.  Demand 

reduction can be implemented by adding insulation or other known 

construction guidelines. Items such as radiant barriers, tent quilts, solar 

ÁLHV�DQG�ULJLG�LQVXODWLRQ�FDQ�LPSURYH�HQHUJ\�HIÀFLHQF\�RU�PRUH�HIÀFLHQW�

ECUs can be installed to reduce demand further.  

6.2  Distribution  
What E2E team experienced:

At most sites visited by the 

E2E team, there was no grid 

and no distribution network. 

There were some sections 

or several applications 

tied to one generator, but 

most sites were not wired 

� ϭϴ h͘^͘��ƌŵǇ��ǀĂůƵĂƟŽŶ��ĞŶƚĞƌ͕ �͞�ƌŵǇ��ǆƉĞĚŝƟŽŶĂƌǇ�tĂƌƌŝŽƌ��ǆƉĞƌŝŵĞŶƚ�;��t�Ϳ�^ƉŝƌĂů�,�&ŝŶĂů�ZĞƉŽƌƚ͕͟ ��ƵŐƵƐƚ�ϮϬϭϯ͘

�ƌĞĂŬĞƌ�ďŽǆ�Ăƚ�dĂůƵŬĂŶ͘
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for distribution. Numerous generators ran at partial load to provide spot 

SRZHU�WR�D�VSHFLÀF�SODWIRUP���7KH�JHQHUDWRU�ORDGV�DW�DOPRVW�DOO�VLWHV�ZHUH�

VLJQLÀFDQWO\�RSHUDWLQJ�XQGHU�FDSDFLW\��DQG�WKH�SRZHU�GLVWULEXWLRQ�ZDV�QRW�

installed to allow for increased work loads on the generators.  Distribution 

capability was further complicated by the existence of a few engineer 

or 91D assets being integrated into the force package, almost none were 

deployed to sites away from the primary FOBs.

What the E2E team accomplished:
5()�HIIRUWV�SULRULWL]HG�HIÀFLHQW�JULG�HPSODFHPHQW�YLD�OHJDF\�$UP\�V\VWHPV�

OLNH�0(3�',6�5��3',6(��DIÀOLDWHG�FDEOLQJ�RU�FRPPHUFLDOO\�DYDLODEOH�SDQHOV��

breakers and rugged wiring.  The immediate result was better loading on 

JHQHUDWRUV�ZKLFK�LPSURYHG�HIÀFLHQF\���7KH�QHW�UHVXOW�ZDV�OHVV�VROGLHUV�

needed to maintain the generators and greater combat power for the small 

unit.  Additionally, site fuel consumption decreased because generators 

were arrayed in a manner to maximize outputs.  This resulted in increased 

longevity of the generators and provided greater energy security and 

operational availability.    

How to make these changes Army-wide:
Focusing immediate efforts on installing electrical distribution, smart 

controllers and demand reduction systems will make the quickest impact. 

&UHDWLQJ�GLVWULEXWLRQ�LV�WKH�ÀUVW�VWHS��DQG�FDQ�EH�GRQH�XVLQJ�WUDGLWLRQDO�

panels, breakers and wire, and more importantly, it can be accomplished 

using equipment that is in the current military inventory. For example, at 

the tactical level there is equipment such as distribution boxes, MEP-DIS-R, 

and PDISE. Military distribution equipment is not the  only way to create 

distributed power. Commercial panels, breakers and wire can also create 

DQ�HIÀFLHQW�DQG�HIIHFWLYH�JULG��$OWKRXJK�WKHUH�DUH�FRQV�WR�XVLQJ�FRPPHUFLDO�

equipment, it does provide the essential components to optimize current 

military generators and may be necessary for later smart grid technologies. 

The distribution effort validates changes underway in the 91D curriculum 

to expand distribution instruction.  More distribution assets like PDISE 

and common cabling must be included in future procurements.  Smart 

controls on generators to enable easy and reliable grid connectivity must 

be incorporated in all acquisition procurement efforts and these lessons 

track to the requirements discussed in the 2011 Tactical Electrical Power 

Capability Production Document.  
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6.3  Hybrid Power 
What E2E team experienced:

7KH�(�(�WUDYHOHG�WR�PDQ\�VLWHV�DQG�IRXQG�WKDW�QRW�DOO�VLWHV�ZRXOG�EHQHÀW�

from hybrid power solutions.  Many hybrid solutions did not provide a 

VXIÀFLHQW�DPRXQW�RI�SRZHU�WR�PHHW�WKH�WRWDO�HQHUJ\�GHPDQGV�RI�D�)2%��&23�

DQG�PRVW�23V���+\EULG�V\VWHPV�SURYLGHG�WKH�PRVW�EHQHÀW�ZKHQ�LQWHJUDWHG�

to a military TQG to reduce the amount of time a generator operated 

and enabled the backup power supply in the event a system did not have 

enough power.  The hybrid systems had the best applications powering 

security systems such as RAID and the REAP aerostat. 

What the E2E team accomplished:
The E2E team has considerable 

knowledge in installing hybrid power 

systems from 3kW (Solar Stik 360) 

DQG�=HUR�%DVH��N:�7�VHULHV�WR�WKH�

larger 18kW Sundial.  Each system 

KDG�EHQHÀWV�DV�ZHOO�DV�OLPLWDWLRQV���

The size of the solar panel systems 

required to meet energy demands 

UHTXLUHV�YHU\�VSHFLÀF�DSSOLFDWLRQV�

for hybrid technologies.  The Sundial 

installed at Heredia was able to 

power the TOC and other buildings.  The Solar Stik models operated 

successfully at many sites and powered smaller demands such as the RAID.  

3RZHU�GHQVLW\�LV�D�NH\�GULYHU�LQ�WKH�HIIHFWLYHQHVV�RI�VSHFLÀF�WHFKQRORJLHV��

Appendix C includes summary charts of successful hybrid systems on the 
EDWWOHÀHOG� 

How to make these changes Army-wide:
The Army has initiated the MEHPS program that will provide hybrid 

systems as a POR beginning in 2018.  These systems will augment military 

generators to use less fuel.  However, many systems which use individual 

SRZHU�JHQHUDWLRQ�ZRXOG�EHQHÀW�IURP�K\EULG�V\VWHPV���)RUFH�SURWHFWLRQ�

systems should consider hybrid systems as part of the system design 

and deployment.  As a result of the E2E efforts, aerostats are now being 

procured with hybrid power systems.

�ĞƌŽ��ĂƐĞ�ϱŬt�dͲ^ĞƌŝĞƐ�ƉŽǁĞƌŝŶŐ�ƚŚĞ�EŽƌƚŚ�
tĞĂƚŚĞƌ�^ƚĂƟŽŶ�ŽŶ��ĂŐƌĂŵ��ŝƌĮĞůĚ͘
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7.0  Impact on Operational Energy
OE has grown to a much broader and 

VLJQLÀFDQW�HIIRUW�DSSURSULDWHO\�OHG�

by the Army’s headquarter and staff 

elements. This broader approach 

to OE includes more substantive 

efforts with deliberate acquisition 

communities and science and 

technology elements resulting in 

a greater net effect in addressing 

GHÀFLHQFLHV�LQ�WDFWLFDO�HOHFWULF�

power distribution, reduced fuel 

FRQVXPSWLRQ��PRUH�HIÀFLHQW�VSDFH�FRQGLWLRQLQJ�DQG�LQ�VRPH�FDVHV�UHGXFHG�EXON�

ZDWHU�ORJLVWLFV��3DUW�RI�WKLV�LPSDFW�LV�UHÁHFWLQJ�WKHVH�FKDQJHV�LQ�WUDLQLQJ�DQG�

doctrine.

7.1  TRADOC/COCOM
Priority of effort must be training of critical MOS and further instilment of an 

energy informed mindset in all soldier training and education efforts. Additionally 

the Army community should synchronize efforts resulting from the capability 

integration of cutting edge technologies.  TRADOC experiments, RDECOM 

technology demonstrations and base camp integration efforts at Fort Leonard 

Wood, AEWE and NIE as well as exercises at National Training Centers should 

provide opportunities to assess the value of OE Teams and/or OE Advisors (91D, 

12P, 120A) and material solutions in providing Commanders greater capability.

^ŽůĂƌ�ƉĂŶĞůƐ�Ăƚ�&K��ďĞŝŶŐ�ƵƐĞĚ�ƚŽ�ĐŚĂƌŐĞ�ƚŚĞ�ďĂƩĞƌŝĞƐ�ŝŶ�Ă�ŵŝůŝƚĂƌǇ�ǀĞŚŝĐůĞ͘

^ŽůĂƌ�ƉĂŶĞůƐ�ŝŶƐƚĂůůĞĚ�Ăƚ�&K�͘
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7.2  Outreach
The REF understands that innovation often occurs outside DoD channels and 

has cultivated relationships with universities and other government agencies to 

continue to renew and rethink the OE 

landscape.  The E2E team has been 

a critical piece in outreach efforts 

as the OE Advisors participated in 

discussing the challenges from their 

theater experience and perspective.  

By collaborating with industry and 

other government agencies, the REF 

understands the issues and solutions 

of OE.  The REF sponsored several 

“NetZero at the Tactical Edge” 

workshops as follows:

• Arizona State University,  February 13-14, 2012 – Senior DoD 

leadership participated in the workshop to articulate operational and 

tactical NetZero challenges through the use of operational vignettes.  

This provided an opportunity for industry to share current and future 

energy capabilities as well as present the obstacles in providing 

solutions to the DoD.  The workshop brought together commercial, 

academic and government entities interested in developing and testing 

solutions related to green energy and sustainability for small FOBS.

• Bechtel Conference Center (Stanford), September 26, 2012 – DoD 

announced key investments in the FY2013 budget request totaling 

$1.6 billion in OE initiatives.  This workshop provided updates 

on current NetZero needs and challenges to present and discuss 

innovative solutions for energy integration.  Together with industry, 

academia and the military, the workshop promoted awareness of the 

interdependencies between energy security and tactical operational 

effectiveness.

• MIT Energy Conference, 28 February - 3 March, 2013 - The best 

minds in academia gathered to discuss problems and potential 

solutions regarding energy on a global scale.  Attendees participated 

in brainstorming sessions discussing a wide range of topics ranging 

from natural gas capture to islanding power in austere locations. The 

^ŽůĂƌ�ƉĂŶĞůƐ�ŝŶƐƚĂůůĞĚ�Ăƚ�&K�͘
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E2E team introduced waste to energy for expeditionary and industrial 

settings as a topic to further explore. Participation of the REF E2E team 

EURXJKW�WKH�YRLFH�RI�WKH�ZDUÀJKWHU�WR�HQULFK�WKLV�IRUXP�RQ�HQHUJ\�IRU�

help in developing viable solution in the future. 

• NREL, June 4-6, 2013 - The REF E2E team explored a different approach 

to problem solving by organizing a workshop with IDEO – the company 

that is a leader in innovative solutions.  In addition to IDEO training, the 

JURXS�KDG�LQIRUPDWLYH�EULHÀQJV�IURP�&RO��5��1HZHOO��SDVW�5()�

&RPPDQGHU��DQG�&RO��5��&KDUHWWH��SDVW�DQG�ÀUVW�860&�([SHGLWLRQDU\�

(QHUJ\�2IÀFH��(�2��&RPPDQGHU���%RWK�SURYLGHG�LQVLJKWV�RQ�ZKDW�WKH\�

would have done differently and where to focus future OE efforts.

&ƵĞů�ƚƌƵĐŬ�ĮůůŝŶŐ�ĐĂŶŝƐƚĞƌƐ�Ăƚ�&K�͘
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8.1  Doctrine 
'RFWULQH�VKRXOG�EH�XSGDWHG�WR�HQVXUH�WKH�072(�FRUUHFWO\�UHÁHFWV�HTXLSPHQW�WKDW�

GHSOR\V�ZLWK�WKH�XQLWV���,Q�DGGLWLRQ��ÀHOG�DQG�WHFKQLFDO�PDQXDOV�VKRXOG�EH�XSGDWHG�

to account for current conditions. Planning for generator load management, power 

PDQDJHPHQW��VWRUDJH��DQG�GLVWULEXWLRQ�VKRXOG�EH�LQFRUSRUDWHG�LQWR�ÀHOG�PDQXDOV�

�)0��DQG�WHFKQLFDO�PDQXDOV��70���VXFK�DV�)0�������7KHDWHU�RI�2SHUDWLRQV�(OHFWULFDO�

6\VWHPV�DQG�70���������(OHFWULFDO�3RZHU�6XSSO\�DQG�'LVWULEXWLRQ��

8.2  Organization 
Force enablers are part of the initial force package that arrives in the region 

but are often constrained in higher staff elements.  Moreover, staffs need to 

understand how these elements are integrated into existing organizational 

structures.  The lack of knowledge 

of power and energy capabilities 

is a direct result of the lack of 

unit training at National Training 

sites where tactical electric power 

grids and other sustainment drivers 

are assumed away for the sake of 

training focus or cost.  Units that 

previously deployed understand the 

value of 91Ds and are more likely to 

include such elements. 

8.3  Training
Broadening the Army generator mechanic, 91D skill set, to include more power 

GLVWULEXWLRQ�DQG�XQGHUVWDQGLQJ�HQHUJ\�HIÀFLHQF\�FRQFHSWV�LV�UHFRPPHQGHG���7KLV�

will ensure Brigade Combat Teams (BCTs) have a safety net in leveraging Army 

or Service provided power generation. This would also allow integrating safer 

and more reliable distribution assets that might include COTS energy storage 

devices like simple batteries as well as solar or wind or other energy harvesting 

technologies that work in various regions.

30(�FHUWLÀFDWLRQ�IRU�HQJLQHHUV�LQ�WKH���3�DQG����$�026�VKRXOG�LQFOXGH�EDVLFV�RI�

VRODU�DQG�DOWHUQDWLYH�HQHUJ\�SULQFLSOHV����7KHVH�DUH�PRVWO\�FLYLOLDQ�FHUWLÀFDWLRQV�

WKDW�FDQ�EH�IROGHG�LQWR�SURPRWLRQ�EHQHÀW�UHODWHG�WUDLQLQJ�RSWLRQV�WKH�LQGLYLGXDO�

soldier can select based on Army goals.

K���ĚǀŝƐŽƌ�ƚƌĂŝŶƐ�ƐŽůĚŝĞƌƐ�ƚŽ�ƵƐĞ�Ă�ƉĂƚƌŽů�ƉĂĐŬ͘
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New Equipment Training (NET) will always be a reality, whether provided by 

contractors or a government entity such as PM, REF, Force Provider, etc.   The 

capacity to support and move assets to support training must be included in 

planning.      

The best training possible is user level unit training during training cycle at home 

station.  This training should include basic generator employment and maintenance 

SURFHGXUHV�FOHDUO\�GHÀQHG�LQ�H[LVWLQJ�74*�PDQXDOV����&RPEDW�XQLWV�RIWHQ�EHOLHYH�

tactical power is a soldier level issue and will arrive in the AOR not understanding 

the link between base camp or vehicle platform and energy security when moving 

to dismounted operations.  This seamless mindset of energy management can 

be promoted by helping to embody the mindset that every soldier is an energy 

steward versus a consumer.   

8.4  Materiel
The responsibility of the Joint 

SURJUDP�RIÀFH��30�0(3��LV�WR�

LQWHJUDWH�PRUH�HIÀFLHQW�VPDOO��

medium and large tactical power 

sources such as new generators to 

augment existing TQGs.  The REF, 

through rapid acquisition and the 

applied R&D stakeholders have 

enabled further evaluations of 

COTS/GOTS technologies on power 

JHQHUDWLRQ�SODWIRUPV��HIÀFLHQW�

structures, water re-use equipment and other technologies at the soldier, vehicle 

platform and basing levels.  Improving the mechanisms between the REF rapid 

acquisition initiatives and the PM level PORs will enable faster material upgrades. 

Performance based contracting is one key enabler at base camps. Future force 

deployments will continue to require the establishment of logistics hubs and 

HQGXULQJ�VHPL�À[HG�EDVH�FDPSV�ZKHWKHU�VTXDG��SODWRRQ��FRPSDQ\��EDWWDOLRQ��

brigade or larger in size.  LOGCAP and other contractor support will most likely be 

required to augment force strength caps in place for future  military operations.  

Performance based contracting mechanisms can be integrated up front so  

FRQWUDFWRUV�DUH�UHZDUGHG�IRU�SURYLGLQJ�HIÀFLHQW�VWUXFWXUHV��HOHFWULFDO�JULGV��ZDWHU�

re-use sites, etc. 

^ŽůĂƌ�ƉĂŶĞůƐ�ŝŶƐƚĂůůĞĚ�Ăƚ�&K�͘
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8.5  Leadership and Education
Combat Commanders learned that tactical electric power, fuel and water logistics 

OLPLWV�WKHLU�UHDFK��ÁH[LELOLW\�DQG�XOWLPDWH�FRPEDW�SRZHU���5HGXFLQJ�WKH�WLPH�DQ�

operator spends on generator maintenance and refueling will increase combat 

power.  This is especially crucial at the small unit level at austere base camps 

because of reduced manpower.  

Practicing at home station the 

energy steward mindset required 

WR�HQVXUH�HDFK�EXOOHW�ÀUHG��HDFK�

MRE consumed and each electron 

produced by a generator is used 

wisely.  Energy steward education is 

starting within TRADOC but “train 

OLNH�ZH�ÀJKW�DQG�ÀJKW�OLNH�ZH�WUDLQµ�

will teach young troops that they 

must operate and excel in and off 

the grid.        

8.6  Personnel
0RUH�HIÀFLHQW�XWLOL]DWLRQ�RI�H[LVWLQJ�DVVHWV�VXFK�DV�$UP\�026���'����3�DQG����$�

could be accomplished by adding duties for understanding and implementing 

HQHUJ\�HIÀFLHQFLHV���$GGLWLRQDOO\��HQVXUH�WKHVH�SHUVRQQHO�DUH�LQFOXGHG�GXULQJ�

the initial deployments to properly set up and plan the power needs before 

deployments.  In addition, the use of contractors, such as those deployed as OE 

Advisors, augment this capability.     

8.7  Facilities
Leverage compliance mandated energy and water reduction investments at 

home station in CONUS by ensuring these investments may also be applicable to 

facilitating “energy steward training” for leaders and soldiers. Secondly, ensure 

/2*&$3�VWUXFWXUHV�DQG�EDVHV�XVH�HIÀFLHQW�VWUXFWXUHV�DQG�WHFKQRORJLHV�WR�HQDEOH�

GHPDQG�UHGXFWLRQ�ZKHQ�PRYLQJ�WR�VHPL�À[HG�QRGHV���8VH�SHUIRUPDQFH�EDVHG�

contracting to ensure contractors are rewarded for delivering less fuel or water.  

K��ĂĚǀŝƐŽƌ�ƚƌĂŝŶŝŶŐ�ƐŽůĚŝĞƌƐ�ƚŽ�ƵƐĞ�ƐŽůĂƌ�ƉĂŶĞůƐ�Ăƚ�&K�͘
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9.0  Conclusions
1. Continue to explore hybrid technologies. Hybrid systems show the greatest 

potential for near term impact. While the E2E team was very successful in 

DSSO\LQJ�K\EULG�SRZHU�V\VWHP��IXWXUH�FRQÁLFWV�LQ�GLIIHUHQW�HQYLURQPHQWV�PD\�

not have the same result. Many of the solutions for renewables are being 

designed for the current threat and an open environment. That will not always 

be the case as arctic and triple canopy jungle may be future battlegrounds. An 

emphasis on other varieties of energy sources is critical. 

2. Focus future power systems to be automated with open architecture with 
the ability to control generators, parallel multiple sources, prioritize loads, 
and balance loads. Smart grids are based on complex algorithms and controls. 

7KHVH�FRQWUROV�DUH�WKH�EDVLV�IRU�GHVLJQLQJ�PRUH�HIÀFLHQW�SRZHU�JULGV�DQG�

UHGXFLQJ�VRPH�RI�WKH�DGGLWLRQDO�WDVNV�RI�WKH�ZDUÀJKWHU�

3. Reduce power demand. None of the REF procured systems focused on 

demand reduction. Supply side is important, but demand reduction can be 

more cost effective and achieve similar results.

��� Increase power density. Power demand will not decrease, so in order 

to reduce weight, power density must be addressed. There have been 

recent advances in battery chemistry and thermal power management in 

the commercial arena. These advances need to be adapted for military 

application.

��� 3ODQ�IRU�HQHUJ\�HIÀFLHQF\�LQ�SURFXUHPHQW�  Account energy and energy 

tracking into contracts. Focus on long term lifecycle costing when planning 

enduring operations.

6. Incorporate power management into training facilities. The National Training 

Center, Joint Maneuver Training Center, and the Joint Readiness Training 

Center need to incorporate power into training. Using OE issues in the training 

VFHQDULRV�ZLOO�EHWWHU�SUHSDUH�ZDUÀJKWHUV�ZLWK�WKH�VNLOOV�WR�SURSHUO\�PDQDJH�

energy resources.

DŽƵŶƚĂŝŶ�ƚĞƌƌĂŝŶ�ŝŶ��ĨŐŚĂŶŝƐƚĂŶ͘
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ŽĨ�ĂŝƌĐƌĂŌ�ŵŽǀĞŵĞŶƚ͘

7 �ĞůĞŵďĂŝ͕�K�� ϴͬϭϳͬϮϬϭϮ /ŶŝƟĂů�ĂƐƐĞƐƐŵĞŶƚ͕�ƉĞŶĚŝŶŐ��Ϯ��
ĮǆĞƐ͘

EŽŶͲŵĂƚĞƌŝĂů�ĮǆĞƐ�Ͳ�ƌĞŵŽǀĞĚ�ĞǆĐĞƐƐ�
ƉŽǁĞƌ�ŐĞŶĞƌĂƟŽŶ͘

&ƵĞů�ƐĂǀŝŶŐƐ�ĨƌŽŵ�ƌĞŵŽǀŝŶŐ�
ŐĞŶĞƌĂƚŽƌ͘ ��ĞĐŝƐŝŽŶ�ŵĂĚĞ�ŝŶ�
�ƵŐƵƐƚ�ϮϬϭϯ�ƚŽ�ŶŽƚ�ŝŶƐƚĂůů��Ϯ��
ĞƋƵŝƉŵĞŶƚ�ĚƵĞ�ƚŽ�KWd�DWK͘

ϴ �ůĂĐŬ ϱͬϭͬϮϬϭϯ �ŽŵďŝŶĞĚ�ůŽĂĚƐ�ƚŽ�ƌĞĚƵĐĞ�ĨƵĞů͘ ZĞĐŽŵŵĞŶĚĞĚ�ƚƌĂŶƐĨĞƌ�ƐǁŝƚĐŚ�
ƚŽ�ĐŽŵďŝŶĞ�ůŽĂĚƐ�ďƵƚ�ƐŝƚĞ�ǁĂƐ�Ă�
�ǇŶ�ŽƌƉ�ƐŝƚĞ�Ăƚ�<�&͘

ZĞĚƵĐĞĚ�ĨƵĞů�ďǇ�ϰϯ�ŐĂůůŽŶƐ�ƉĞƌ�
ĚĂǇ͘

ϵ �ŽƌŝƐ� ϳͬϮϴͬϮϬϭϮ /ŶŝƟĂů�ĂƐƐĞƐƐŵĞŶƚ͕�
ƌĞĐŽŵŵĞŶĚĞĚ�ŶŽ��Ϯ��ĮǆĞƐ�Ăƚ�
ƚŚŝƐ�ƟŵĞ͘�

F>hKZ�Ăƚ�ƚŚŝƐ�ƐŝƚĞ͕�ďƵƚ�ǁŝůů�ĚŝƐĐƵƐƐĞĚ�
ǁŝƚŚ�ϭͬϭϬϭ�ĨŽƌ�ĂĚǀŝĐĞ͘��^ĂĨĞƚǇ�ŝƐƐƵĞƐ�
ǁŝƚŚ�ĞǆƉŽƐĞĚ�ǁŝƌĞƐ͕�ĞǆĐĞƐƐ�ƉŽǁĞƌ�
ŐĞŶĞƌĂƟŽŶ͘

EŽ�ĐŚĂŶŐĞƐ�ŵĂĚĞ͘

ϭϬ �Žǁƌŝ�dĂŶĂ ϳͬϮϯͬϮϬϭϮ /ŶŝƟĂů�ĂƐƐĞƐƐŵĞŶƚ͕�
ƌĞĐŽŵŵĞŶĚĞĚ�ŶŽ��Ϯ��ĮǆĞƐ͕�
ďƵƚ�WƌŝŵĞ�WŽǁĞƌ�ƐŚŽƵůĚ�ƌĞǁŝƌĞ�
ƐŝƚĞ͘

ZĞĞǀĂůƵĂƚĞ�ĨŽƌ��Ϯ��ĮǆĞƐ͕��ŌĞƌ�
ĚŝƐĐƵƐƐŝŽŶ�ǁŝƚŚ�ϯͬϭϬϭ�ƚĂŬŝŶŐ�ŽǀĞƌ͘ �

EŽ�ĐŚĂŶŐĞƐ�ŵĂĚĞ͘

11 �ůĂƌŬ ϭϬͬϯͬϮϬϭϰ ^ŽůƵƟŽŶ�ŶĞĞĚĞĚ�ĨŽƌ�tĂƌŵ�s^W�
ƐŝƚĞ͘

WƌŽǀŝĚĞĚ�^^�WĂƚƌŽů�WĂĐŬ�ĂŶĚ�ƚǁŽ�;ϮͿ�
t�^W�ƚŽ�ƵŶŝƚ͘

WƌŽǀŝĚĞĚ�ƉŽǁĞƌ�ǁŚĞƌĞ�ŐĞŶĞƌĂƚŽƌƐ�
ĂƌĞ�ŶŽƚ�ĂŶ�ŽƉƟŽŶ͘
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12 �ŚĂƉŵĂŶ ϭͬϭϳͬϮϬϭϰ ^ĞŶƚ�^^�ϰϬϬ�ƵƐĞĚ�Ăƚ�E<��<ĂďƵů�
ƚŽ�ƚŚŝƐ�ƐŝƚĞ͘

/ŶƐƚĂůůĞĚ�^^�ϰϬϬ͘ WŽǁĞƌ�Z��W͘

ϭϯ �ĂŵĂŶ��� ϭϬͬϮϴͬϮϬϭϮ EŽŶͲŵĂƚĞƌŝĂů�ĮǆĞƐ�ŵĂĚĞ�ƚŽ�
ĐŽŵďŝŶĞ�ŐĞŶĞƌĂƚŽƌƐ͘

EŽŶͲŵĂƚĞƌŝĂů�ĮǆĞƐ�Ͳ�ƌĞŵŽǀĞĚ�ĞǆĐĞƐƐ�
ƉŽǁĞƌ�ŐĞŶĞƌĂƟŽŶ͘

^ĂǀĞĚ�ϱϴ�ŐĂůůŽŶƐ�ƉĞƌ�ĚĂǇ͘

14 �ĞůĂƌĂŵ ϭϬͬϮͬϮϬϭϮ EŽŶͲŵĂƚĞƌŝĂů�ĮǆĞƐ�ŵĂĚĞ�ďƵƚ�
ĂĚĚŝƟŽŶĂů�ĮǆĞƐ�ŶĞĞĚ��Ϯ��
ĞƋƵŝƉŵĞŶƚ͘

ZĞĐŽŵŵĞŶĚ�ĂĚĚŝŶŐ�ŽŶĞ�^ƵŶĚŝĂů͕�ŽŶĞ�
^ŽůĂƌ�^ƟŬ�ϯϲϬ͕�ĂŶĚ�ŽŶĞ�,ͲƐĞƌŝĞƐ͘������������������������

Η^ŽŌ�ĮǆĞƐ�ŝŵƉůĞŵĞŶƚĞĚ͘��
ZĞŵŽǀĞĚ�ŐĞŶĞƌĂƚŽƌƐ�ĨŽƌ�Ă�ƐĂǀŝŶŐƐ�
ŽĨ�ϯϭϴ�ŐĂůůŽŶƐ�ƉĞƌ�ĚĂǇ͘Η

15 �ĞůĂƌĂŵ�// ϭϮͬϱͬϮϬϭϮ DĂĚĞ�ŝŵƉƌŽǀĞŵĞŶƚƐ�ƚŽ�ƉŽǁĞƌ�
ŐƌŝĚ�ĂŶĚ�ǁĂƚĞƌ͘ �

ZĞƋƵĞƐƚĞĚ�ƉĂƌƚƐ�ƚŽ�ĐŽŶƐŽůŝĚĂƚĞ�
ŐĞŶĞƌĂƚŽƌƐ͘

DŽǀĞĚ�ĞƋƵŝƉŵĞŶƚ�ĨƌŽŵ��ĞůĞƌĂŵ�
ƚŽ��ĞůĞƌĂŵ�//͘

16 �ĚŐĞƌƚŽŶ ϴͬϮϵͬϮϬϭϮ /ŶŝƟĂů�ĂƐƐĞƐƐŵĞŶƚ͕�ƉĞŶĚŝŶŐ��Ϯ��
ĮǆĞƐ͘

ZĞƋƵŝƌĞĚ�ƐǁŝƚĐŚĞƐ�ĂŶĚ�ĂĚĚŝƟŽŶĂů�
ŐĞŶĞƌĂƚŽƌƐ͘�tŝůů�ƌĞͲĞǀĂůƵĂƚĞ�ǁŝƚŚ�
ĞůĞĐƚƌŝĐŝĂŶ͘

EŽ�ĐŚĂŶŐĞƐ�ĐŽŵƉůĞƚĞĚ�ĚƵĞ�ƚŽ�
ĐůŽƐŝŶŐ͘

17 &ŽƌƚƌĞƐƐ ϰͬϭϴͬϮϬϭϮ /ŶŝƟĂů�ĂƐƐĞƐƐŵĞŶƚ͕�ƉĞŶĚŝŶŐ��Ϯ��
ĮǆĞƐ͘

ZĞĐŽŵŵĞŶĚĞĚ�^^�ƚŽ�ƉŽǁĞƌ�Z�/��ĂŶĚ�
Ă�&ŽƌŐĞ�ĨŽƌ�ǀĞŚŝĐůĞ�ƉŽǁĞƌ͘

EŽ�ĐŚĂŶŐĞƐ�ŝŵƉůĞŵĞŶƚĞĚ͘

ϭϴ 'ĂŵďĂƌŝ ϯͬϮϴͬϮϬϭϮ�ĂŶĚ�
ϳͬϮϲͬϮϬϭϯ�ĂŶĚ�
ϭϬͬϰͬϮϬϭϯ

^ŝƚĞ�ŝƐ�ŵĂŝŶƚĂŝŶĞĚ�ďǇ�&>hKZ͘��
�ǆĐĞƐƐ�ƉŽǁĞƌ�ďƵƚ��Ϯ��ƐǇƐƚĞŵƐ�
ŶĞĞĚĞĚ͘

^^�ϰϬϬ�ĂŶĚ�WĂƚƌŽů�WĂĐŬ͘ ^^�ϰϬϬ�ŝŶƐƚĂůůĞĚ�ĨŽƌ�ƚŚĞ�Z��W��ƵŐ�
ϭϵ͕�ϮϬϭϯ͘��^^�WĂƚƌŽů�ŝŶƐƚĂůůĞĚ�ƚŽ�
ƉŽǁĞƌ�ǀŝĚĞŽ�ĨĞĞĚ�ĨŽƌ�ƚŚĞ�Z��W�
ŝŶƐƚĂůůĞĚ�ŝŶ�KĐƚ�ϮϬϭϯ͘

ϭϵ 'ŝƌŽ ϱͬϭϭͬϮϬϭϮ �Ϯ��ĞƋƵŝƉŵĞŶƚ�ŝŶƐƚĂůůĞĚ�ĂŶĚ�
ŐĞŶĞƌĂƚŽƌƐ�ƚĂŬĞŶ�Žī�ůŝŶĞ͘

ϭͲ&ŽƌŐĞ͕�ϱͲ^W���^͕�ϭʹ^ŽůĂƌ�^ƟŬ�ϯϲϬ͕�
ϭͲ�^ŬǇ��ĂƐĞ͕�ϭͲ�^ŬǇ�WĂŬ͕�,ͲƐĞƌŝĞƐ

^ĂǀĞĚ�ϭϬϳ�ŐĂůͬĚĂǇ�ǁŝƚŚ�ŵĂƚĞƌŝĂů�
ĂŶĚ�ŶŽŶͲŵĂƚĞƌŝĞů�ƐŽůƵƟŽŶƐ͘

ϮϬ ,ĂŝƌŝƚĂŶ�
;,ĞƌƌŝŶŐƚŽŶ�'ĂƚĞͿ

ϵͬϵͬϮϬϭϮ �Ϯ��ĮǆĞƐ�ŝŶƐƚĂůůĞĚ�KĐƚ�ϮϬϭϮ�ďƵƚ�
^^��ŽŵƉĂĐƚ�ŝƐ�ŶŽƚ�Ă�ŐŽŽĚ�Įƚ͘��
tĂŝƟŶŐ�ĨŽƌ�^^�ϰϬϬ�ŝŶƐƚĂůůĂƟŽŶ͘

dǁŽ�;ϮͿ�^ŽůĂƌ�^ƟŬ�ĐŽŵƉĂĐƚƐ͘ WŽǁĞƌ�ĐĂŵĞƌĂƐ�ǁŝƚŚ�^^��ŽŵƉĂĐƚ�
ďƵƚ�^^�ϰϬϬ�ƌĞĐŽŵŵĞŶĚĞĚ͘

21 ,ĞƌĞĚŝĂ ϭϬͬϮͬϮϬϭϮ WƌŽǀŝĚĞĚ�ƉŽǁĞƌ�ƐƵƌĞƚǇ�ĨŽƌ�dK�͘ ^ƵŶĚŝĂů͘� ^ƵŶĚŝĂů�ƉƌŝŵĂƌǇ�ƉŽǁĞƌ�ĨŽƌ�ƚŚĞ�ƚǁŽ�
dK��ďƵŝůĚŝŶŐƐ͘�ZĞŵŽǀĞĚ�ϭϲŬt�ĂŶĚ�
ƐĂǀĞĚ�ϱϳ�ŐĂůͬĚĂǇ͘

22 :ĂŐŚĂƚŽ ϴͬϮͬϮϬϭϮ WĞŶĚŝŶŐ��Ϯ��ĮǆĞƐ͘ ^^�ϯϲϬ�;ϭϳϯƌĚ�ĂƐƐŝŐŶĞĚ�ƐǇƐƚĞŵͿ͘ ^^�ϯϲϬ�ŝŶƐƚĂůůĞĚ�ƚŽ�ƉŽǁĞƌ�ƌĂĚĂƌ͘

Ϯϯ :ƵƐƟĐĞ ϴͬϭϭͬϮϬϭϮ /ŶŝƟĂů�ĂƐƐĞƐƐŵĞŶƚ͕��Ϯ��ĮǆĞƐ�
ŝŶƐƚĂůůĞĚ�EŽǀ�ϮϬϭϮ͘

ϭ�ʹ�^ŽůĂƌ�^ƟŬ�ϯϲϬ͕��ϭͲ�^ŬǇ��ĂƐĞ�
;ƐƚĂǇŝŶŐͿ͕�ϭ�ʹ�&KZ'�

/ŶƐƚĂůůĞĚ�^ŽůĂƌ�^ƟŬ�ƚŽ�ŽƉĞƌĂƚĞ�
Z�/��ƚŽǁĞƌ�ĂŶĚ�^W���^�ĨŽƌ�ƐŽůĚŝĞƌ�
ƉŽǁĞƌ͘ ��/ŵƉƌŽǀĞĚ�ƌĞůŝĂďŝůŝƚǇ�ŽĨ�
ĐĂŵĞƌĂƐ͘
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24 <ŚĞŶũĂŬĂŬ ϴͬϮϴͬϮϬϭϮ /ŶŝƟĂů�ĂƐƐĞƐƐŵĞŶƚ͕��Ϯ��ƐŽŌ�
ĮǆĞƐ͘

EŽŶͲŵĂƚĞƌŝĂů�ĮǆĞƐ�Ͳ�ƌĞŵŽǀĞĚ�ĞǆĐĞƐƐ�
ƉŽǁĞƌ�ŐĞŶĞƌĂƟŽŶ͘

�ŽŵďŝŶĞĚ�ƚǁŽ�ϲϬ�<�ůŽĂĚƐ�ŽŶƚŽ�
ŽŶĞ�ϲϬ�<�ƚŽ�ƌĞŵŽǀĞ�ŽŶĞ�ϲϬŬt�ĂŶĚ�
ƐĂǀĞ�ϰϯ�ŐĂůůŽŶƐ�ƉĞƌ�ĚĂǇ͘��ĚĚĞĚ�
ƐĂĨĞƚǇ�ĮǆĞƐ͘

25 <ŚŽŐǇĂŶŝ ϵͬϰͬϮϬϭϯ WŽǁĞƌĞĚ�Z�/��ƚŽǁĞƌ͘ ^^�ϰϬϬ� /ŶƐƚĂůůĞĚ�^^�ϰϬϬ�ƚŽ�ƉŽǁĞƌ�Z�/�͘

26 >ĂŬĂƌĂǇ ϵͬϭϭͬϮϬϭϮ WŽǁĞƌĞĚ�Z�/��ƚŽǁĞƌ͘ ZĞĐŽŵŵĞŶĚĞĚ�^ŽůĂƌ�^ƟŬ�ϯϲϬ͘ /ŶƐƚĂůů�ĐĂŶĐĞůůĞĚ�ĚƵĞ�ƚŽ�ďĂƐĞ�
ĐůŽƐƵƌĞ͘

27 >Ăŵ ϰͬϴͬϮϬϭϮ ZĞĂƐƐĞƐƐŵĞŶƚ͕��Ϯ��ĮǆĞƐ�
ŝŶƐƚĂůůĞĚ�KĐƚ�ϮϬϭϮ͘

ϭͲ,�^ĞƌŝĞƐ͕�ϭͲ&ŽƌŐĞ͕�ϭͲ^ŽůĂƌ�^ƟŬ�ϯϲϬ͕�
ϭͲ�^ŽůĂƌ�^ƟŬ��ŽŵƉĂĐƚ͕�ϮͲ^ŬǇ�WĂĐŬ͕�ϱ�
^ƉĂĐĞƐ�ŝŶƐƚĂůůĞĚ

ZĞĚƵĐĞĚ�ĨƵĞů͕�ĂĚĚĞĚ��Ϯ��
ĞƋƵŝƉŵĞŶƚ͘�^ĂǀĞĚ�ϭϬϳ�ŐĂůͬĚĂǇ

Ϯϴ >ĞĂƚŚĞƌŶĞĐŬ sĂƌŝŽƵƐ�&ĞďͲ
�ƵŐƵƐƚ�ϮϬϭϯ

/ŵƉƌŽǀĞĚ�ƉŽǁĞƌ�ƐƵƌĞƚǇ͘ ^^�ϯϲϬ� /ŶƐƚĂůůĞĚ�^^�ϯϲϬ�ƚŽ�ƉŽǁĞƌ�,/D�Z^�
ĂŶĚ�dK��ĐƌŝƟĐĂů�ĐŽŵŵƵŶŝĐĂƟŽŶƐ͘

Ϯϵ >ŝŐŚƚŶŝŶŐͬ�ĂŵƉ�
�ĞƐƚƌŽǇĞƌ

sĂƌŝŽƵƐ��^ĞƉƚͲ
ϮϬϭϯ

&ŽƌĐĞ�WƌŽƚĞĐƟŽŶ�ŝƐƐƵĞƐ͘ ZĞĐŽŵŵĞŶĚĞĚ��Ϯ��ƐǇƐƚĞŵƐ͘ EŽ�ĐŚĂŶŐĞƐ�ŵĂĚĞ͘

ϯϬ DĂŝǁĂŶĚ ϴͬϭϲͬϮϬϭϯ WƌŽǀŝĚĞĚ�ƉŽǁĞƌ�ƐƵƌĞƚǇ�ĨŽƌ�
ĐĂŵĞƌĂ�ƐǇƐƚĞŵ͘

^^�ϯϲϬ /ŶƐƚĂůůĞĚ�^^�ϯϲϬ�ƚŽ�ƉŽǁĞƌ�Z�/��
ƚŽǁĞƌ͘

ϯϭ DĂǌĂƌͲĞͲƐŚĂƌŝĨ�
;^Kd&Ͳ�Ϳ

ϴͬϭϮͬϮϬϭϯ WƌŽǀŝĚĞĚ�ƉŽǁĞƌ�ƉĂĐŬ�ĨŽƌ�/ds�
ĂŶĚ�ĐĂŵĞƌĂ͘��^ƵŶĚŝĂů�ƉŽǁĞƌĞĚ�
�/��ƐƚĂƟŽŶ͘

^^�WĂƚƌŽů�WĂĐŬ͕�^ƵŶĚŝĂů͘ WƌŽǀŝĚĞĚ�ĂŶĚ�ŝŶƐƚĂůůĞĚ�ŐĞŶĞƌĂƚŽƌ�
ĨŽƌ�^ƵŶĚŝĂů͘�^^�WĂƚƌŽů�WĂĐŬ�ĨŽƌ�ƌĂĚŝŽ�
ĨƌĞƋƵĞŶĐǇ�ŝŶͲƚƌĂŶƐŝƚ�ǀŝƐŝďŝůŝƚǇ;/dsͿ�
ƚŚĂƚ�ĨĞĞĚ�ĚĂƚĂ�ƚŽ�ƚŚĞ�ĐŽŵƉƵƚĞƌ�
ĂŶĚ�ĐĞŶƚƌĂů�ƐĞƌǀĞƌ͘

ϯϮ DŽƐĐĂůů�;DƵƐŬĂůͿ ϮͬϭϰͬϮϬϭϯ �ǆĐĞƐƐ�ƉŽǁĞƌ�ŐĞŶĞƌĂƟŽŶ�Ͳ�
ƉƵůůĞĚ�ŐĞŶĞƌĂƚŽƌƐ�ŽŋŝŶĞ͘

EŽŶͲŵĂƚĞƌŝĂů�ĐŽƌƌĞĐƟŽŶƐ�
ŝŵƉůĞŵĞŶƚĞĚ͘�

ZĞŵŽǀĞĚ�ϭϱϬŬt�ĂŶĚ�ϭϬŬt�ŽŋŝŶĞ�
ƚŽ�ƐĂǀĞ�ϰϬϰ�ŐĂůůŽŶƐ�ƉĞƌ�ĚĂǇ͘

ϯϯ DĞƚŚĞƌ�>Ăŵ ϰͬϰͬϮϬϭϯ 'ĞŶĞƌĂƚŽƌ�ƉƌŽďůĞŵƐ�ƌĞǀŝĞǁĞĚ͘ ZĞƉĂŝƌ�'ĞŶĞƌĂƚŽƌƐ�Ͳ�ŽƌĚĞƌĞĚ�ƉĂƌƚƐ͘

ϯϰ DƵƐŚĂŶ� ϴͬϭϭͬϮϬϭϮ /ŶŝƟĂů�ĂƐƐĞƐƐŵĞŶƚ͕��Ϯ��ĮǆĞƐ�
ŝŶƐƚĂůůĞĚ�KĐƚ�ϮϬϭϮ͘

,Ͳ^ĞƌŝĞƐ ,Ͳ^ĞƌŝĞƐ�ƚŽ�&��͘��WƵůůĞĚ�ϭϬŬt͕�
ĂĚĚĞĚ�WŽǁĞƌ�^ƵƌĞƚǇ�;ďĂĐŬƵƉ�
ƉŽǁĞƌ�ƚŽ�dK�Ϳ�ĂŶĚ�ƐĂǀĞĚ�ϱϱ�ŐĂůƐͬ
ĚĂǇ͘

ϯϱ E<�Ͳ<ĂďƵů ϭϬͬϴͬϮϬϭϯ /ŵƉƌŽǀĞĚ�ƉŽǁĞƌ�ƐƵƌĞƚǇ͘ /ŶƐƚĂůůĞĚ�^^�ϰϬϬ͘ WŽǁĞƌĞĚ�Z��W�ǁŝƚŚ�^^�ϰϬϬ͘

ϯϲ WĂŶũǁĂŝ ϴͬϮϭͬϮϬϭϮ /ŶŝƟĂů�ĂƐƐĞƐƐŵĞŶƚ͕�
ƌĞĐŽŵŵĞŶĚĞĚ�ŶŽ��Ϯ��ĮǆĞƐ͘

EŽ�ĐŚĂŶŐĞƐ͘ ZĞĐŽŵŵĞŶĚĞĚ�ŝŵƉƌŽǀĞŵĞŶƚƐ�ĨŽƌ�
ƌĞĨƵĞůŝŶŐ͘
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ϯϳ WĂŶũǁĂŝ͕�K'� ϴͬϮϯͬϮϬϭϮ /ŶŝƟĂů�ĂƐƐĞƐƐŵĞŶƚ͕�ƉĞŶĚŝŶŐ�
ƉŽƐƐŝďůĞ��Ϯ��ĮǆĞƐ͘

EŽŶͲŵĂƚĞƌŝĂů�ĐŽƌƌĞĐƟŽŶƐ͘� ZĞĐŽŵŵĞŶĚĞĚ�ŝŵƉƌŽǀĞŵĞŶƚƐ�ĨŽƌ�
ƌĞĨƵĞůŝŶŐ͘

ϯϴ WĂƐĂď ϲͬϮϴͬϮϬϭϯ /ŵƉƌŽǀĞĚ�ĐĂŵĞƌĂ�ƐǇƐƚĞŵ�
ƌĞůŝĂďŝůŝƚǇ͘

^^�ϯϲϬ�ĂŶĚ�dͲ^ĞƌŝĞƐ͘ WƌŽǀŝĚĞĚ�ƉŽǁĞƌ�ƐƵƌĞƚǇ�ĨŽƌ�Z�/�͘

ϯϵ WĞŶŝĐŚ ϴͬϭϴͬϮϬϭϮ /ŶŝƟĂů�ĂƐƐĞƐƐŵĞŶƚ͕�
ƌĞĐŽŵŵĞŶĚĞĚ�ŶŽ��Ϯ��ĮǆĞƐ�Ăƚ�
ƚŚŝƐ�ƟŵĞ�ďƵƚ�ǁŝůů�ƌĞͲĞǀĂůƵĂƚĞ͘

EŽ�ĐŚĂŶŐĞƐ͘ EŽ�ĐŚĂŶŐĞƐ�ƌĞĐŽŵŵĞŶĚĞĚ͘

ϰϬ ZƵƐŚŵŽƌĞ ϳͬϮϰͬϮϬϭϯ EƵŵĞƌŽƵƐ�ƉŽǁĞƌ�ŝƐƐƵĞƐ�
ŝĚĞŶƟĮĞĚ͘

EŽ�ĐŚĂŶŐĞƐ͘ ^^�ϯϲϬ�ŶĞĞĚĞĚ�ƚŽ�ƉŽǁĞƌ�Z�/��
ĐĂŵĞƌĂƐ͘�WŽǁĞƌ�ƐƵƌĞƚǇ�ŶĞĞĚĞĚ�ĨŽƌ�
dK�͘�

41 ^ĂďĂƌŝ� ϳͬϮϰͬϮϬϭϮ /ŶŝƟĂů�ĂƐƐĞƐƐŵĞŶƚ�;ƐĞĞ�
ĞƋƵŝƉŵĞŶƚ�Ăƚ�ƐŝƚĞͿ͘

ZĞͲĞǀĂůƵĂƚĞĚ�ĨŽƌ��Ϯ��ĮǆĞƐ͕�ĂŌĞƌ�
ĚŝƐĐƵƐƐŝŽŶ�ǁŝƚŚ�ϯͬϭϬϭ�ƚĂŬŝŶŐ�ŽǀĞƌ͘ �

42 ^��WŽƌƚ�;ϭϬϭƐƚͿ ϭϭͬϲͬϮϬϭϯ �ƋƵŝƉŵĞŶƚ�ƌĞĐŽŵŵĞŶĚĞĚ�
ƚŽ�ƉŽǁĞƌ�Z&/��ƌĞĂĚĞƌ�ĂŶĚ�
ƚƌĂŶƐŵŝƩĞƌ͘

^^�WĂƚƌŽů�WĂĐŬ͘� /ŵƉƌŽǀĞĚ�ƉŽǁĞƌ�ƐƵƌĞƚǇ͘

ϰϯ ^ŚĂŶŬ�;dŽǁĞƌ�
zĂƌĚͿ

ϭϮͬϮϵͬϮϬϭϯ�ƚŽ�
ϭͬϮϵͬϮϬϭϯ

dŽǁĞƌƐ�ǁŝƌĞĚ�ƚŽ��ƌŝƟƐŚ�
ƐƚĂŶĚĂƌĚƐ�ďĞĐĂƵƐĞ�ƚŚĞǇ�ǁŝůů�
ƚƌĂŶƐŝƟŽŶ�ƚŽ�ƚŚĞ��E^&͘

ZĞĐŽŵŵĞŶĚĞĚ�ŝŶƐƚĂůůŝŶŐ�^^�ϯϲϬ�ĨŽƌ�
Z�/��ƚŽǁĞƌƐ͘

^^�ϯϲϬ�ŝŶƐƚĂůůĞĚ�ďƵƚ�ŵŝƐƐŝŶŐ�hW^�
ďĂƩĞƌŝĞƐ͘

44 ^ŚŝŶŬĂŝͬ^ǁĞĞŶǇ� ϭϬͬϮϯͬϮϬϭϮ �ƐƐĞƐƐĞĚ�ĞǆĐĞƐƐ�ƉŽǁĞƌ�
ŐĞŶĞƌĂƟŽŶ͘

�ůů�ƉŽǁĞƌ�ŐĞŶĞƌĂƚŽƌƐ�ĂŶĚ�
ŵĂŝŶƚĞŶĂŶĐĞ�ŝƐ�ĐŽŶƚƌĂĐƚĞĚ�ŽƵƚ�ƚŽ�
�ǇŶ�ŽƌƉ�>K'��W�/s͘

EŽ�ĐŚĂŶŐĞƐ�ƌĞĐŽŵŵĞŶĚĞĚ�ďƵƚ�
ĞǆĐĞƐƐŝǀĞ�ƉŽǁĞƌ�ŐĞŶĞƌĂƟŽŶ͘

45 ^ŚŝŶǁĂƌ ϱͬϯͬϮϬϭϯ ZĞĐŽŵŵĞŶĚĞĚ�^^�ϰϬϬ�ĂŶĚ�
ƉƌŽǀŝĚĞĚ�ƉŽǁĞƌ�ůĂǇŽƵƚ͘

�ĞǀĞůŽƉĞĚ�Ă�ƉŽǁĞƌ�ƉůĂŶ�ĂŶĚ�ĂŶŽƚŚĞƌ�
ĐŽŶƚƌĂĐƚŽƌ�ǁŝůů�ŝŶƐƚĂůů͘

ZĞĐŽŵŵĞŶĚĞĚ�^^�ϰϬϬ�ŝŶƐƚĂůůĂƟŽŶ�
ďƵƚ�ŶŽƚ�ǇĞƚ�ŝŶƐƚĂůůĞĚ͘

46 ^ŶĂŬĞ�Wŝƚ�;<�&Ϳ ϯͬϯϬͬϮϬϭϯ ϭϬŬt�ŐĞŶĞƌĂƚŽƌ�ŝƐ�
ƉŽǁĞƌŝŶŐ�ĐŽŵŵƵŶŝĐĂƟŽŶƐ͘�
ZĞĐŽŵŵĞŶĚĞĚ�,Ͳ^ĞƌŝĞƐ͘

,Ͳ^ĞƌŝĞƐ͘� ,Ͳ^ĞƌŝĞƐ�ĂĚĚĞĚ�ƚŽ�ƌĞƉůĂĐĞ�ϭϬŬt�
TQG.

47 ^ƉĞƌǁĂŶ�'ŚĂƌ ϭϬͬϯϭͬϮϬϭϮ /ŶŝƟĂů�ĂƐƐĞƐƐŵĞŶƚ�ĐŽŵƉůĞƚĞĚ�
ĂŶĚ�ƌĞĐŽŵŵĞŶĚĞĚ�ƌĞƚƵƌŶ�
ĂƐƐĞƐƐŵĞŶƚ͘

EŽŶͲŵĂƚĞƌŝĂů�ĮǆĞƐ�ĐŽŵƉůĞƚĞĚ�ƚŽ�
ĐŽŵďŝŶĞ��ŐĞŶĞƌĂƚŽƌ�ůŽĂĚ�ƚŽ�ƌĞŵŽǀĞ�
ĞǆĐĞƐƐ�ƉŽǁĞƌ͘

'ĞŶĞƌĂƚŽƌƐ�ĂĚĚĞĚ�ďǇ�ƵŶŝƚ�ĂŶĚ�ĨƵĞů�
ĐŽŶƐƵŵƉƟŽŶ�ǁĞŶƚ�ƵƉ�ĂŌĞƌ�ƵŶŝƚ�
ƌĞƉůĂĐĞ�ϮϮϬŬt�ŐĞŶĞƌĂƚŽƌ�ǁŝƚŚ�
ϰϱϬŬt͘
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ϰϴ dĂŐĂď ϱͬϭϱͬϮϬϭϯ &ŽƌŵĞƌ�ĂůůǇ�ƐŝƚĞ�ĞǆƉĞƌŝĞŶĐĞĚ�
ďůĂĐŬ�ŽƵƚƐ͘��

ZĞĐŽŵŵĞŶĚĞĚ�ďĂĐŬͲƵƉ�ŐĞŶĞƌĂƚŽƌ�
ĂŶĚ�ƚƌĂŶƐĨĞƌ�ƐǁŝƚĐŚ�ĂŶĚ��Ϯ��
ĞƋƵŝƉŵĞŶƚ͘

EŽ�ĐŚĂŶŐĞƐ�ĚƵĞ�ƚŽ�ƐŝƚĞ�ĐůŽƐŝŶŐ͘

ϰϵ dĂŬŚ�dĞŬ�WŽůͬ�WϮ ϵͬϮϯͬϮϬϭϮ WŽǁĞƌ�ŝŶƐƚĂďŝůŝƚǇ͘ ZĞĐŽŵŵĞŶĚĞĚ�ĐŚĂŶŐĞƐ�ƚŽ�ŝŵƉƌŽǀĞ�
ƉŽǁĞƌ�ƐƵƌĞƚǇ͘

WĂƌƚƐ�ŶŽƚ�ŝŶƐƚĂůůĞĚ�ĚƵĞ�ƚŽ�&K��
ĐůŽƐŝŶŐ͘

ϱϬ dĂůƵŬĂŶ ϴͬϭϱͬϮϬϭϮ /ŶŝƟĂů�ĂƐƐĞƐƐŵĞŶƚ͕�ƉĞŶĚŝŶŐ��Ϯ��
ĮǆĞƐ͘

�ǀĂůƵĂƟŶŐ��Ϯ��ĮǆĞƐ�ƚŽ�ĐŚĂƌŐĞ�
ďĂƩĞƌŝĞƐ�ĨŽƌ�ŵŝŶŝ�ŐƵŶ͘

/ŵƉůĞŵĞŶƚĞĚ�ƐĂĨĞƚǇ�ŝƐƐƵĞƐ͘�^ƚĂďůĞ͕�
ƵƐŝŶŐ�h^��WŽǁĞƌ�ďƵƚ�ŶŽ�ƐŽůƵƟŽŶ�
ĂǀĂŝůĂďůĞ�ƚŽ�ƉŽǁĞƌ�ŵŝŶ�ŐƵŶ͘

51 dĂƉĂŐƵƌŚĂŶͲ
^Kd&Ͳ�

ϭϬͬϯͬϮϬϭϯ /ŶŝƟĂů�ĂƐƐĞƐƐŵĞŶƚ͘ ^ƵŶĚŝĂů ^ƵŶĚŝĂů�ƉƌŽǀŝĚĞĚ�ƉŽǁĞƌ�ƚŽ�dK�͘

52 dŚŽŵĂƐ ϭϬͬϮͬϮϬϭϮ �Ϯ��ĮǆĞƐ�ŝŶƐƚĂůůĞĚ͘ ^^�ϯϲϬ ^^�ϯϲϬ�ŶĞĞĚĞĚ�ƚŽ�ƉŽǁĞƌ�'�K^^�
ŝĨ�ŝŶƚĞŐƌĂƚĞĚ�ƉƌŽƉĞƌůǇ�ĂŶĚ�ƌĞƉůĂĐĞ�
ǁĞƚ�ƐƚĂĐŬŝŶŐ�ƉƌŽďůĞŵƐ͘

ϱϯ dŽƌŬŚĂŵ ϴͬϮϳͬϮϬϭϮ /ŶŝƟĂů�ĂƐƐĞƐƐŵĞŶƚ͕�ƉĞŶĚŝŶŐ��Ϯ��
ĮǆĞƐ�Ăƚ�KW͘

&>hKZ�ƐŝƚĞ�ďƵƚ�ǁŽƵůĚ�ďĞŶĞĮƚ�ĨƌŽŵ�
ƐĞŶĚŝŶŐ�^ŽůĂƌ�^ƟŬ�ĐŽŵƉĂĐƚ͘

EŽ�ĐŚĂŶŐĞƐ�ŵĂĚĞ͘

54 tĂůĞŶ�ZĂďŝƚ ϮͬϭϲͬϮϬϭϯ ^ĂĨĞƚǇ�ŝƐƐƵĞƐ�ŝĚĞŶƟĮĞĚ�ĂŶĚ�
ďĂĐŬͲƵƉ�ƉŽǁĞƌ�ŶĞĞĚĞĚ͘

ZĞĐŽŵŵĞŶĚĞĚ�ƉŽǁĞƌ�ŐĞŶĞƌĂƟŽŶ�
ƉůĂŶ�ĂŶĚ�ĐŚĂŶŐĞƐ͘

/^/�ĐŽŶƚƌĂĐƚĞĚ�ƚŽ�ŝŵƉůĞŵĞŶƚ��Ϯ��
ƉůĂŶ�ďƵƚ�K���ĚǀŝƐŽƌ�ĐŽƌƌĞĐƚĞĚ�
ƐĂĨĞƚǇ�ŝƐƐƵĞƐ͘

55 tĂůƚŽŶ ϯͬϭϴͬϮϬϭϯ /ŶƐƚĂůůĞĚ�,Ͳ^ĞƌŝĞƐ�ĨŽƌ�ƉŽǁĞƌ�
ƐƵƌĞƚǇ͘

,Ͳ^ĞƌŝĞƐ ,Ͳ^ĞƌŝĞƐ�ĂĚĚĞĚ�ƚŽ�ƌĞƉůĂĐĞ�ϭϬŬt�
TQG.

56 yŝŽ�,ĂƋ�;�ŝŽŚŽŬͿ ϴͬϭϳͬϮϬϭϮ �ǆĐĞƐƐ�ƉŽǁĞƌ�ŐĞŶĞƌĂƟŽŶ͘ EŽŶͲŵĂƚĞƌŝĂů�ĮǆĞƐ�ƚŽ�ĐŽŵďŝŶĞ��ŐĞŶ�
ůŽĂĚ�ƚŽ�ƌĞŵŽǀĞ�ĞǆĐĞƐƐ�ƉŽǁĞƌ͘

�ůƚŚŽƵŐŚ��Ϯ��ĞƋƵŝƉŵĞŶƚ�ǁŽƵůĚ�
ŚĂǀĞ�ďĞŶĞĮƚĞĚ�ƐŝƚĞ͕�ŽŶůǇ�ŶŽŶͲ
ŵĂƚĞƌŝĂů�ĮǆĞƐ�ǁĞƌĞ�ĂĚĚĞĚ�ƐĂǀŝŶŐ�
ϭϳϭ�ŐĂůͬĚĂǇ͘�/^/�ĐŽŶƚƌĂĐƚĞĚ�ŝŶ�
DĂƌĐŚ�ϮϬϭϯ�ƚŽ�ŝŶƐƚĂůů��Ϯ��ƉůĂŶ͘

57 �ĞƌŽŬ ϴͬϯͬϮϬϭϮ /ŶŝƟĂů�ĂƐƐĞƐƐŵĞŶƚ�
ƌĞĐŽŵŵĞŶĚĞĚ�ŶŽ��Ϯ��ĮǆĞƐ�Ăƚ�
ƚŚŝƐ�ƟŵĞ͘

&>hKZ�ĨƵůůǇ�ĞŶŐĂŐĞĚ�Ăƚ�ƚŚŝƐ�ƐŝƚĞ�ĂŶĚ�
ŵĂŬŝŶŐ�ĐŚĂŶŐĞƐ͘

EŽ�ĐŚĂŶŐĞƐ�ƌĞĐŽŵŵĞŶĚĞĚ͘

>ĞŐĞŶĚ͗

�ůŝĐŬĂďůĞ�ůŝŶŬ�ĨŽƌ�ĂĚĚŝƟŽŶĂů�ƐŝƚĞ�ŝŶĨŽƌŵĂƟŽŶ͘



Appendix B:
Hybrid Power Systems

- Soldier Power Hybrid System WASP

- Hybrid Energy System Patrol Pak

- Hybrid Power System FORGE 440

- Hybrid Power System FORGE 510

- 3kW Hybrid Energy System Solar Stik 360

- 5kW Hybrid Energy System Solar Stik 400

- 5kW/10kW Hybrid Energy System T-Series 910 Model
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Soldier Power Hybrid System WASP 
Description:
7KH�:$63�SURYLGHV�WKH�ZDUÀJKWHU�ZLWK�D�FRPSOHWH�SRZHU�V\VWHP�WKDW�LV�GHVLJQHG�IRU�

both wearable (networked onto the Soldier’s person) and spot-power applications such as 

command and control.

,Q�D�QHWZRUNHG��ZHDUDEOH��DSSOLFDWLRQ��LW�HOLPLQDWHV�WKH�QHHG�IRU�WKH�ZDUÀJKWHU�WR�FDUU\�

spare batteries and multiple battery types. All of the battery-operated devices on the 

VROGLHU�DUH�FRQVROLGDWHG�RQWR�RQH�QHWZRUN�VXSSRUWHG�E\�D�VLQJOH�´SULPDU\µ������EDWWHU\�

Components:
• ;����3RZHU�0DQDJHU

• %%������%DWWHU\

• (1) pouch

• (2) 62w Solar Panel (CIGS)

• Optional accessories are selected in 

DFFRUGDQFH�ZLWK�VSHFLÀF�DSSOLFDWLRQV

6SHFLÀFDWLRQV�
• ,QFOXGHV������OLWKLXP�EDWWHU\

• “Opportunity Charger” allows power 

to be scavenged from multiple 

sources:

• �������9$&

• Solar

• ��9'&�1$72

• Vehicle

• Scavenging from other (disposable) 

EDWWHULHV�FRPPRQO\�IRXQG�LQ�WKH�ÀHOG

• Interchangeable with the soldiers 

equipment

• Supports loads up to 120 watts

• Weighs less than 2 lbs.  

(including battery)

    Soldier Power Hybrid System  
WASP 

UNCLASSIFIED//FOUO

SPECIFICATIONS COMPONENTS 

DESCRIPTION 

• X-90 Power Manager 
• BB 2590 Battery 
• (1) pouch 
• (2) 62w Solar Panel (CIGS) 
• Optional accessories are selected in 

accordance with specific applications 
 

The WASP provides the warfighter with a complete  
power system that is designed for both wearable 
(networked onto the Soldier’s person) and in spot-
power applications such as C4ISR. 
 
In a networked (wearable) application, it eliminates 
the need for the warfighter to carry spare batteries 
and multiple battery types.  All of the battery operated 
devices on the soldier are consolidated onto one 
network supported by a single “primary” 2590 battery. 

PICTURE 

• Includes 2590 Lithium battery  
• “Opportunity Charger” allows power to be 

scavenged from multiple sources: 
• 100-240VAC 
• Solar 
• 24VDC NATO 
• Vehicle 
• Scavenging from other (disposable) 

batteries commonly found in the field 
• Interchangeable with the Soldiers IBA equipment 
• Supports loads up to 120 Watts 
• Weighs less than 2 lbs. (including 2590) 
 
 

^ŽůĚŝĞƌ�WŽǁĞƌ�,ǇďƌŝĚ�^ǇƐƚĞŵ͕�t�^W
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Hybrid Energy System Patrol Pak 
Description:

• +LJK�(IÀFLHQF\�SRZHU�PRGHO���3RZHU�WUDQVIHUV�LQ�DQG�RXW�RI�WKH�EDWWHULHV�RQO\�DV�
necessary to keep the appliance loads operating.

• Open Architecture allows multiple sources of power generation which can 

simultaneously support/charge the battery and ensure uninterrupted power.

• Portable, Modular System – Capabilities can be scaled, added or removed according 

WR�WKH�VSHFLÀF�PLVVLRQ�UHTXLUHPHQWV�

• Intuitive operation with “Plug & Play” setup.

Components:
• ��²�0LO�6HULHV���9'&�3RZHU�3DN�����

• ��²�0LO�6HULHV���9'&�([SDQGHU�3DN

• ��²���:�$PRUSKRXV�6LOLFRQH�6RODU�
Panels

• ����352�9HUWHU�����

• 1 – Set of cables

Hybrid Energy System 
Patrol Pak PICTURES 

 

• Three- case solution 
• PRO-Verter 2400 provides up to 2400 Watts 

of power at 120VAC/60Hz  
• 360W flexible solar power generation 
•  2kW-h energy storage (batteries) 
•  Field serviceable 
•  Area: 10-200 Sq ft 

 

• High-Efficiency power model - Power transfers in 
and out of the batteries only as necessary to keep 
the appliance loads operating 

• Open Architecture allows multiple sources of 
power generation which can simultaneously 
support/charge the battery and ensure 
uninterrupted power 

• Portable, Modular System – Capabilities can be 
scaled, added or removed according to the specific 
mission requirements 

• Intuitive operation with “Plug & Play” setup 

DESCRIPTION 

SPECIFICATIONS COMPONENTS 
• 1 – Mil-Series 24VDC Power Pak 1000 
• 1 – Mil-Series 24VDC Expander Pak 
• 4 – 90W Amorphous Silicone Solar Panels  
• 1 - PRO-Verter 2400   
• 1 – Set of cables 

      

,ǇďƌŝĚ��ŶĞƌŐǇ�^ǇƐƚĞŵ͕�WĂƚƌŽů�WĂŬ

6SHFLÀFDWLRQV�
• Three-case solution

• 352�9HUWHU������SURYLGHV�XS�WR������
Watts of power at 120VAC/60Hz

• ���:�ÁH[LEOH�VRODU�SRZHU�JHQHUDWLRQ

• 2kW-h energy storage (batteries)

• Field serviceable

• Area: 10-200 Sq ft
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Hybrid Power System FORGE 440 
Description:
Forward Operating Renewable Generator (FORGE): ruggedized mobile and transportable 

Hybrid Power System manages solar/battery power to provide uninterrupted power to 

replace or augment fossil fuel generators.

• Batteries charge from various sources (AC, DC & Solar).

• Reduces daily fuel consumption to power a generator and overall generators in a 

COP/VSP/JCOP.

• 3RZHUV�$&�DQG�'&�LWHPV�XVLQJ����9�$&�����RU���9�'&��86%��RU�1$72�VODYH�RXWOHWV�

• Replaces 3 kW TQG for many applications.

• &RPSDWLEOH�ZLWK�����N:�JHQHUDWRUV���N:�DQG��N:�ÁH[�IXHO�DQG��N:��

Components:
• 1 - AC module

• 1 - DC module

• 1 - Battery module with (2) lithium 

ferrous phosphate

• 3 - Solar panel modules  

(6 solar panels)

Hybrid Power System 
FORGE 440 

UNCLASSIFIED//FOUO

DESCRIPTION 

SPECIFICATION COMPONENTS 

Forward Operating Renewable Generator (FORGE): 
ruggedized mobile and transportable Hybrid Power System 
manages solar/battery power to provide uninterrupted 
power to replace or augment fossil fuel generators. 
• Batteries charge from various sources (AC, DC & Solar)   
• Reduces daily fuel consumption to power a generator and 

overall generators in a COP/VSP/SFAT 
• Powers AC and DC items using 120V AC, 12 or 24V DC, 

USB, or NATO slave outlets 
• Replaces 3 kW TQG for many applications 
• Compatible with 1-3 kW  generators (1kW and 2kW flex 

fuel and 3kW TQG) 
 

• 1 - AC Module 
• 1 - DC Module 
• 1 - Battery Module with (2) Lithium Ferrous 

Phosphate  
• 3 - Solar Panel Modules (6 solar panels) 
• 1 - Cable Box with cables 
 

• Rated Power: 2.4 kW 
• Surge Power: 4.8 KVA 
• Weight: DC Module 124 lbs, AC Module 128 lbs 

and Battery Module 208 lbs 
• DC Module: 5, 12, and 24 VDC outlets and NATO 

slave 
• AC Module: 120 V, 60 Hz (20 A) 
• Battery Module: (2) 3.9 kWh Lithium Ferrous 

Phosphate batteries 
• Solar Module: (6) 258 W panels 
 

PICTURE 

,ǇďƌŝĚ�WŽǁĞƌ�^ǇƐƚĞŵ͕�&KZ'��ϰϰϬ

• 1 - Cable box with cables

6SHFLÀFDWLRQV�
• 5DWHG�3RZHU������N:

• 6XUJH�3RZHU������.9$

• :HLJKW��'&�PRGXOH�����OEV��
AC module 128 lbs and battery 

module 208 lbs

• '&�PRGXOH���������DQG����9'&�
outlets and NATO slave

• AC module: 120 V, 60 Hz (20 A)

• Battery module: (2) 3.9 kWh 

lithium ferrous phosphate 

batteries

• 6RODU�PRGXOH����������ZDWW�SDQHOV
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Hybrid Power System FORGE 510 
Description:
Forward Operating Renewable Generator (FORGE): ruggedized mobile and transportable 

Hybrid Power System manages solar/battery power to provide uninterrupted power to 

replace or augment fossil fuel generators.

• Batteries charge from various sources (AC, DC & Solar).

• Reduces daily fuel consumption to power a generator and overall generators in a 

COP/VSP/JCOP.

• 3RZHUV�$&�DQG�'&�LWHPV�XVLQJ�VSOLW�SKDVH�����9$&�����RU����9'&��86%��RU�1$72�VODYH�
outlets.

• Replaces 3 kW TQG for many applications.

• &RPSDWLEOH�ZLWK�����N:�JHQHUDWRUV�

Components:
• 1 - AC module

• 1 - DC module

• 1 - Battery module with (2) lithium 

ferrous phosphate

• 3 - Solar panel modules  

(6 solar panels)

,ǇďƌŝĚ�WŽǁĞƌ�^ǇƐƚĞŵ͕�&KZ'��ϱϭϬ

• 1 - Cable box with cables

6SHFLÀFDWLRQV�
• Rated Power: 3.6 kW, 20 Amps

• 6XUJH�3RZHU������.9$

• :HLJKW��'&�PRGXOH�����OEV��$&�PRGXOH�
192 lbs, and battery module 208 lbs

• '&�PRGXOH����DQG����9'&�RXWOHWV��
NATO slave

• $&�PRGXOH����������9$&�����+]

• Battery module: (2) 3.9 kWh lithium 

ferrous phosphate batteries

• Solar Module: (6) 260 W
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3kW Hybrid Energy System Solar Stik 360 
Description:

• Hybrid Energy System that uses batteries as the main source of power in a closed 

loop circuit.

• +LJK�(IÀFLHQF\�SRZHU�PRGHO���3RZHU�WUDQVIHUV�LQ�DQG�RXW�RI�WKH�EDWWHULHV�RQO\�DV�
necessary to keep the appliance loads operating.

• Open Architecture allows multiple sources of power generation which can 

simultaneously support/charge the battery and ensure uninterrupted power.

• Portable, Modular System – Capabilities can be added or removed according to the 

VSHFLÀF�PLVVLRQ�UHTXLUHPHQWV�

Components:
• 3 – 360w arrays

• 1 – DC Power Hub

• ���²�([SDQGHU�3DNV����9'&�EDWWHULHV�

• 1 – PRO-Verter APM 3000 AGS

• 1 – Power Distribution Module (PDM)

• 1 – Set of cables

• ��²�0(3����$��N:�74*�PRGLÀHG�ZLWK�
auto start kit

6SHFLÀFDWLRQV�
• PRO-Verter 3000 provides up to 

3000 Watts (Generator) of power 

DW����9$&���+]�DQG���9'&�
(Inverter 1800w)

• Power Hub (processes up to 300A 

from all DC sources including 

vehicles, wind, fuel cell and solar)

• PDM provides USB, 12VDC CLA, and 

��9'&

• Automatically controls TQG, start-

stop & load levels

• 1.08kW solar power generation

• 10kW-h energy storage (batteries)

• Doubles the continuous hours for 

one fuel load of a 3kW generator 

from 10 hours to 20 hours

• Field serviceable

• $UHD����������VT�IW�IRRWSULQW

ϯŬt�,ǇďƌŝĚ��ŶĞƌŐǇ�^ǇƐƚĞŵ�Ăƚ�&K��WĂƐĂď͕�^ŽůĂƌ�^ƟŬ�ϯϲϬ
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5kW Hybrid Energy System Solar Stik 400 
Description:

• Hybrid Energy System that uses batteries as the main source of power in a closed 

loop circuit.

• +LJK�(IÀFLHQF\�SRZHU�PRGHO���3RZHU�WUDQVIHUV�LQ�DQG�RXW�RI�WKH�EDWWHULHV�RQO\�DV�
necessary to keep the appliance loads operating.

• Open Architecture allows multiple sources of power generation which can 

simultaneously support/charge the battery and ensure uninterrupted power.

• Portable, Modular System – Capabilities can be added or removed according to the 

VSHFLÀF�PLVVLRQ�UHTXLUHPHQWV�

 
  5kW Hybrid Energy System 

Solar Stik 400 

UNCLASSIFIED//FOUO

• Hybrid Energy System that uses batteries as the 
main source of power in a closed loop circuit 

• High-Efficiency power model - Power transfers in 
and out of the batteries only as necessary to keep 
the appliance loads operating 

• Open Architecture allows multiple sources of power 
generation which can simultaneously 
support/charge the battery and ensure 
uninterrupted power 

• Portable, Modular System – Capabilities can be 
added or removed according to the specific mission 
requirements 
 

 DESCRIPTION 

• 3 – 400w arrays 
• 1 – DC Power Hub  
• 12 – Expander Paks (24VDC Batteries)  
• 1 – PRO-Verter APM 5000 AGS 
• 1 – Power Distribution Module (PDM) Plus 
• 1 – Set of Cables 
•    1 – MEP-831A 3kW TQG Modified with Auto Start Kit 
 
  

COMPONENTS SPECIFICATIONS 
• PRO-Verter provides up to 4,800 Watts of power available in 

multiple forms, including 120VAC/60Hz and 24VDC 
• Power Hub (processes up to 300A from all DC sources 

including vehicles, wind, fuel cell, solar) 
• PDM provides USB, 12VDC CLA, 24VDC, and 120VAC output 
• Automatically controls TQG, start-stop & load levels 
• 1.2kW solar power generation 
• 12kW-h energy storage (batteries) 
• Doubles the continuous hours for one fuel load of a 3kW 

generator from 10 hours to 20 hours  
• Field serviceable 
• Area: 300-500 Sq ft footprint 

 
 

PICTURE 

ϱŬt�,ǇďƌŝĚ��ŶĞƌŐǇ�^ǇƐƚĞŵ͕�^ŽůĂƌ�^ƟŬ�ϰϬϬ

Components:
• ��²����Z�DUUD\V

• 1 – DC Power Hub

• 12 – Expander Paks  

���9'&�EDWWHULHV�

• ��²�352�9HUWHU�$30������$*6

• 1 – Power Distribution Module (PDM) 

Plus

• 1 – Set of cables

• ��²�0(3����$��N:�74*�PRGLÀHG�
with auto start kit

6SHFLÀFDWLRQV�
• 352�9HUWHU�SURYLGHV�XS�WR�������ZDWWV�

of power available in multiple forms, 

LQFOXGLQJ����9$&���+]�DQG���9'&

• Power Hub (processes up to 300A from 

all DC sources including vehicles, wind, 

fuel cell, solar)

• 3'0�SURYLGHV�86%����9'&�&/$����9'&��
and 120VAC output

• Automatically controls TQG, start-stop 

and load levels

• 1.2kW solar power generation

• 12kW-h energy storage (batteries)

• Doubles the continuous hours for  

one fuel load of a 3kW generator  

from 10 hours to 20 hours

• Field serviceable

• $UHD����������VT�IW�IRRWSULQW
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5kW/10kW Hybrid Energy System T-Series 910 Model 
Description:
7�6HULHV�K\EULG�SRZHU�V\VWHPV�HOLPLQDWH�RU�VLJQLÀFDQWO\�UHGXFH�JHQHUDWRU�IXHO�FRQVXPSWLRQ�

and running time. The hybrid system uses multiple power sources to provide operational 

continuity, extend the fuel supply, and operate silently.

• ,QWHJUDWHG�ZLWK��N:�RU���N:�74*�

• Connect multiple units using NATO slave to increase battery size and power 

generation.

• Up to 3,000 watts of solar power using integrated or mobile arrays.

• 2QERDUG�HYHQW�ORJJLQJ�DQG�VWRUDJH��&RQÀJXUHG�IRU�UHPRWH�PRQLWRULQJ�DQG�
management.

• ,Q�ÀHOG�VZLWFKLQJ�EHWZHHQ�VLQJOH�SKDVH�RU�WKUHH�SKDVH�SRZHU�

Components:
• 1 - T-Series trailer

• ��²��N:�RU���N:�*HQHUDWRU�ZLWK� 
auto start

• 1- Set of cables (Gen, Solar & Battery)

• 12 – Lead acid batteries  

(6 strings of 2)

• 3 - Solar module cases  

���[����Z�VRODU�SDQHOV�

ϱŬtͬϭϬŬt�,ǇďƌŝĚ��ŶĞƌŐǇ�^ǇƐƚĞŵ͕�dͲ^ĞƌŝĞƐ�ϵϭϬ�DŽĚĞů

6SHFLÀFDWLRQV�
• 0D[�UDWHG�SRZHU���N:�V\VWHP�²�

����Z���N:�V\VWHP�²���N:�XVLQJ� 
3 phase power

• ���N:�6RODU�SRZHU�JHQHUDWLRQ� 
(up to 3kW)

• Weight: 3820 lbs

• '&�6HUYLFH���������DQG����9'&

• '&�2XWOHWV���9�86%�$�����9�6$��DQG�
NATO slave

• $&�6HUYLFH��6LQJOH�SKDVH���������
VAC, 60 Hz or Three-phase 

������������9$&�����+]

• $&�2XWOHWV��������������9$&� 
(20 Amp)

• 28 kWh energy storage (VRLA)
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- Support to Weather Station

- Support to Aircraft Landing

- Support to Aerostats

- Support to RAID, Khogyani

- Support to RAID, Pasab
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Support to Weather Station 

Tactical Problem: 
Weather stations are required for the 

enhanced safety of all aircraft using the 

DLUÀHOG�LQ�DOO�ZHDWKHU�FRQGLWLRQV��7KHVH�

stations are unable to be serviced due to 

WKH�FORVH�SUR[LPLW\�RI�DQ�DFWLYH�DLUÀHOG��

Fueling a system that consist only of a 

generator is not possible because regular 

servicing of these locations would hinder 

aircraft movement and reduce the number 

of missions.

Implementation: 
2(�$GYLVRUV�LQVWDOOHG�D��N:���N:�DQG���N:�

hybrid power solutions providing tailored 

reliable power to the weather stations. 

The systems included a TQG with auto 

start, solar panels for renewable capability 

and battery storage.

Feedback: 
“This power provided by the REF will 

solve a near impossible and costly power 

production situation for 3 weather stations 

IRU�-RLQW�)RUFHV�DLUFUDIW�Á\LQJ�LQWR�>WKH�

DLUÀHOG@����7KH�V\VWHP�ZLOO�DOVR�SURYLGH�

redundancy for this mission critical 

weather system that would have been 

unavailable before.”  
� ������$(:�([HFXWLYH�2IÀFHU

Support to Weather Station 

Implementation  
Operational Energy Advisors installed a 3kW, 5kW 
and 10kW hybrid power solutions providing tailored  
reliable power to the weather stations. The systems 
included a Tactical Quiet Generator with auto start, 
solar panels for renewable capability and battery 
storage.   

Tactical Problem 
Weather stations are required for the enhanced safety of 
all aircraft using the airfield in all weather conditions. 
These stations are not able to be serviced by prime 
power because of their location in the middle of a very 
active airfield and fueling a system that consist only of a 
generator is not possible because regular servicing of 
these locations would hinder aircraft movement and 
reduce the number of missions. 

Feedback 
"This power provided by the REF will solve a ŶĞĂƌ�ŝŵƉŽƐƐŝďůĞ�ĂŶĚ�ĐŽƐƚůǇ�ƉŽǁĞƌ�ƉƌŽĚƵĐƚŝŽŶ�situation for 3 
weather stations for Joint Forces aircraft flying into [the airfield]...  The system will also provide redundancy for 
this mission critical weather system that would have been unavailable before͘͟ �- 455 AEW Executive Officer 

5kW Hybrid Solution 

Weather Stations 

10kW Hybrid Solution 

3kW Hybrid Solution 

N 

S 

M 

tĞĂƚŚĞƌ�ƐƚĂƟŽŶƐ�ƉŽǁĞƌĞĚ�ďǇ�Ă�ϭϬŬt�,ǇďƌŝĚ�^ŽůƵƟŽŶ͘

Support to Weather Station 

Implementation  
Operational Energy Advisors installed a 3kW, 5kW 
and 10kW hybrid power solutions providing tailored  
reliable power to the weather stations. The systems 
included a Tactical Quiet Generator with auto start, 
solar panels for renewable capability and battery 
storage.   

Tactical Problem 
Weather stations are required for the enhanced safety of 
all aircraft using the airfield in all weather conditions. 
These stations are not able to be serviced by prime 
power because of their location in the middle of a very 
active airfield and fueling a system that consist only of a 
generator is not possible because regular servicing of 
these locations would hinder aircraft movement and 
reduce the number of missions. 

Feedback 
"This power provided by the REF will solve a ŶĞĂƌ�ŝŵƉŽƐƐŝďůĞ�ĂŶĚ�ĐŽƐƚůǇ�ƉŽǁĞƌ�ƉƌŽĚƵĐƚŝŽŶ�situation for 3 
weather stations for Joint Forces aircraft flying into [the airfield]...  The system will also provide redundancy for 
this mission critical weather system that would have been unavailable before͘͟ �- 455 AEW Executive Officer 

5kW Hybrid Solution 

Weather Stations 

10kW Hybrid Solution 

3kW Hybrid Solution 

N 

S 

M 

tĞĂƚŚĞƌ�ƐƚĂƟŽŶ�ƉŽǁĞƌĞĚ�ďǇ�Ă�ϱŬt�,ǇďƌŝĚ�^ŽůƵƟŽŶ͘
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Support to Aircraft Landing 

Tactical Problem: 
Tactical Aircraft Landing Systems (TALS) 

are required for the safe landing of 

weaponized UAVs. Due to the close 

proximity of active runways, servicing and 

refueling of traditional power generation 

puts potentially dangerous limitation 

on an imperative system. Without these 

landing systems operational, aircraft are 

XQDEOH�WR�Á\�

Implementation: 
OE Advisors installed a 3kW hybrid power 

solution providing reliable power requiring 

minimal sustainment and maintenance 

to the TALS. The systems included a TQG 

with auto start, solar panels for renewable 

capability and battery storage.

Feedback: 
These systems have been operating on 

90% solar harvested power with very 

little generator run time. This solution 

has made a reliable hands-off power 

source requiring minimal sustainment. 

7KH�XQLW�KDV�EHHQ�YHU\�VDWLVÀHG�ZLWK�WKH�

operational performance of the TALS with 

the hybrid power solution.

�ŝƌĐƌĂŌ�>ĂŶĚŝŶŐ�^ǇƐƚĞŵ͘

ϯŬt�,ǇďƌŝĚ�WŽǁĞƌ�^ŽůƵƟŽŶ͘

ϯŬt�,ǇďƌŝĚ�WŽǁĞƌ�^ŽůƵƟŽŶ͘
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Support to Aerostats 

Tactical Problem: 
The current power generation system is 

not compatible with the REAP aerostat 

system. The system experiences 

frequent power outages and surges that 

burned up two tethers and a camera. 

This resulted in a reduced operational 

rate for the REAP which degraded the 

COPs force protection posture and 

increased vulnerability. Prior to the OE 

Advisors assessment, the REAP was down 

approximately 2-3 days a week due to 

power related issues.

Implementation: 
OE Advisors installed a 3kW hybrid 

solution providing clean reliable power 

to the REAP. The system included a 

TQG with auto start, solar panels for 

renewable capability, and battery 

storage. Operators were trained 

on installation and preventative 

maintenance techniques.

Feedback: 
,Q�WKH���PRQWKV�VLQFH�WKH�LQVWDOODWLRQ�RI�

the Hybrid System onto the REAP it has 

had zero power issues. On average the 

3kW generator is only operated about  

����KRXUV�D�GD\��7KH�5($3�LV�QRW�RQO\�

a ISR platform but a deterrent which 

the enemy has come to fear. With no 

power issues the system only needs to 

come down for routine maintenance and 

weather.

Z��W��ĞƌŽƐƚĂƚ�^ǇƐƚĞŵ͘

ϯŬt�,ǇďƌŝĚ�WŽǁĞƌ�^ŽůƵƟŽŶ͘

ϯŬt�,ǇďƌŝĚ�WŽǁĞƌ�^ŽůƵƟŽŶ͘
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Support to RAID, Khogyani 

Tactical Problem: 
SOF units in an austere location were 

XVLQJ����������JDOORQV�RI�IXHO�D�GD\�

just between two locations. Every 

gallon consumed had to be delivered 

by helicopter. The logistics required to 

manage fuel and service the generators 

placed a severe strain on the valuable 

time and resources of the special 

operators.

Implementation: 
OE Advisors installed a 3kW hybrid power 

VROXWLRQ�SURYLGLQJ�UHOLDEOH��HIÀFLHQW�

power to an important ISR Platform 

which reduced both fuel and soldier 

man hours required of sustainment in 

an austere environment. The system 

included a TQG with auto start, solar 

panels for renewable capability, and 

battery storage.

Feedback: 
The unit was very impressed that 

in just 3 hours of meeting with the 

team leadership and surveying the 

power situation on the ground REF OE 

$GYLVRUV�KDG�GHYLVHG�D���VWHS�SODQ�WKDW�

showed the unit how to cut their fuel 

consumption by 60%. This reduction 
would result in at least 4 fewer 
helicopter resupply missions per week 

to the location.

ϯŬt�,ǇďƌŝĚ�^ŽůƵƟŽŶ͘

Support to RAID, Khogyani 

Implementation  
Operational Energy Advisors installed a 3kW hybrid power solution 
providing reliable, efficient power to an important ISR Platform which 
reduced both fuel and soldier man hours required of sustainment in an 
austere environment.  The system included a Tactical Quiet Generator 
with auto start, solar panels for renewable capability, and battery 
storage.   

Tactical Problem 
Special Forces units in an austere location were using 
850-1000 gallons of fuel a day just between two 
locations. Every gallon consumed had to be delivered in 
by helicopter and the logistics required to handle the fuel 
and generators burning the fuel at these locations was a 
severe strain on the valuable time and resources of the 
special operators.  

Feedback 
The unit was very impressed that in just 3 hours of meeting with the team leadership and surveying the power 
situation on the ground REF OE Advisors had devised a 4-step plan that showed the unit how to cut their fuel 
consumption by 60%. This reduction ǁŽƵůĚ�ƌĞƐƵůƚ�ŝŶ�Ăƚ�ůĞĂƐƚ�ϰ�ĨĞǁĞƌ�ŚĞůŝĐŽƉƚĞƌ�ƌĞƐƵƉƉůǇ�ŵŝƐƐŝŽŶƐ�ƉĞƌ�ǁĞĞŬ�to 
the location. 

RAID Camera System 

3kW Hybrid Solution 

Z�/���ĂŵĞƌĂ�^ǇƐƚĞŵ͘
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Support to RAID, Pasab 

Tactical Problem: 
The primary source of power generation 

ZDV�D��N:�74*�WKDW�ZDV�UXQQLQJ������

requiring a soldier to add ten (10) 

gallons of fuel to the holding drum daily. 

Additionally, the lack of redundant 

power production and storage capability 

increased risk to the outpost during 

system failure or required maintenance 

down time. Maintenance was scheduled 

every 3 weeks due to the operating  

KRXUV�������

Implementation: 
OE Advisors installed a 3kW hybrid  

power solution providing reliable, 

HIÀFLHQW�SRZHU�WR�DQ�LPSRUWDQW�,65�

Platform which reduced both fuel 

and soldier man hours required of 

sustainment in an austere environment. 

The system included a TQG with auto 

start, solar panels for renewable 

capability, and battery storage.

Feedback: 

Z�/���ĂŵĞƌĂ�^ǇƐƚĞŵ͘

&ƵĞů�;ϵ�ŵŽŶƚŚͿ DĂŝŶƚ͘�dŝŵĞ

�ĞĨŽƌĞ� Ϯ͕ϱϮϬ�ŐĂů ϭϯ�ŚƌƐ

ZĞĂůŝǌĞĚ ϴϲϰ�ŐĂů Ϯ�ŚƌƐ

^ĂǀŝŶŐƐ ϭ͕ϲϱϲ�ŐĂů ϭϭ�ŚƌƐ

ϯŬt�,ǇďƌŝĚ�^ŽůƵƟŽŶ͘
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10L ϭϬ�>ŝŶĞƌ

��t� ��ƌŵǇ��ǆƉĞĚŝƟŽŶĂƌǇ�tĂƌƌŝŽƌ��ǆƉĞƌŝŵĞŶƚƐ

�D^��� �ƌŵǇ�DĂƚĞƌŝĂů�^ǇƐƚĞŵƐ��ŶĂůǇƐŝƐ��ĐƟǀŝƚǇ

�E� ��ĨŐŚĂŶ�EĂƟŽŶĂů��ƌŵǇ

�EW� �ĨŐŚĂŶ�EĂƟŽŶĂů�WŽůŝĐĞ

�KZ� �ƌĞĂ�ŽĨ�ZĞƐƉŽŶƐŝďŝůŝƚǇ

�Z�/�� �ƌŵǇ��ĂƉĂďŝůŝƟĞƐ�/ŶƚĞŐƌĂƟŽŶ��ĞŶƚĞƌ

�^�� �ƐƐŝƐƚĂŶƚ�^ĞĐƌĞƚĂƌǇ�ŽĨ��ĞĨĞŶƐĞ

��&� �ĂŐƌĂŵ��ŝƌĮĞůĚ

BCT �ƌŝŐĂĚĞ��ŽŵďĂƚ�dĞĂŵ

��Z��� h^��ƌŵǇ��ŽŵŵƵŶŝĐĂƟŽŶƐ��ůĞĐƚƌŽŶŝĐ�ZĞƐĞĂƌĐŚ��ĞǀĞůŽƉŵĞŶƚ�
ĂŶĚ��ŶŐŝŶĞĞƌŝŶŐ��ĞŶƚĞƌ

�:^Kd&Ͳ� �ŽŵďŝŶĞĚ�:ŽŝŶƚ�^ƉĞĐŝĂů�KƉĞƌĂƟŽŶƐ�dĂƐŬ�&ŽƌĐĞ��ĨŐŚĂŶŝƐƚĂŶ

�KEh^� �ŽŶƟŶĞŶƚĂů�hŶŝƚĞĚ�^ƚĂƚĞƐ

COP �ŽŵďĂƚ�KƵƚƉŽƐƚ

COTS �ŽŵŵĞƌĐŝĂůͲKīͲƚŚĞͲ^ŚĞůĨ

�>�Ͳ�� �ĞĨĞŶƐĞ�>ŽŐŝƐƟĐƐ��ŐĞŶĐǇ�Ͳ��ŶĞƌŐǇ

�KdD>W& �ŽĐƚƌŝŶĞ͕�KƌŐĂŶŝǌĂƟŽŶ͕�dƌĂŝŶŝŶŐ͕�DĂƚĞƌŝĞů͕�>ĞĂĚĞƌƐŚŝƉ�ĂŶĚ�
�ĚƵĐĂƟŽŶ͕�WĞƌƐŽŶŶĞů͕�&ĂĐŝůŝƟĞƐ

�Ž�� �ĞƉĂƌƚŵĞŶƚ�ŽĨ��ĞĨĞŶƐĞ

E2E �ŶĞƌŐǇ�ƚŽ�ƚŚĞ��ĚŐĞ

E2O �ǆƉĞĚŝƟŽŶĂƌǇ��ŶĞƌŐǇ�KĸĐĞ

ECP �ŶƚƌǇ��ŽŶƚƌŽů�WŽŝŶƚ

��h� �ŶǀŝƌŽŶŵĞŶƚĂů��ŽŶƚƌŽů�hŶŝƚ

FM &ŝĞůĚ�DĂŶƵĂůƐ

FOB &ŽƌǁĂƌĚ�KƉĞƌĂƟŶŐ��ĂƐĞ

FORGE &ŽƌǁĂƌĚ�KƉĞƌĂƟŶŐ�ZĞŶĞǁĂďůĞ�'ĞŶĞƌĂƚŽƌ

GOTS 'ŽǀĞƌŶŵĞŶƚͲKīͲƚŚĞͲ^ŚĞůĨ

JCOP :ŽŝŶƚ��ŽŵďĂƚ�KƵƚƉŽƐƚ

:�d�� :ŽŝŶƚ��ĂƉĂďŝůŝƚǇ�dĞĐŚŶŽůŽŐǇ��ĞŵŽŶƐƚƌĂƟŽŶ

JTF :ŽŝŶƚ�dĂƐŬ�&ŽƌĐĞ

<�&� <ĂŶĚĂŚĂƌ��ŝƌĮĞůĚ

Ŭt� <ŝůŽǁĂƩ

ŬtŚ <ŝůŽǁĂƩͲŚŽƵƌ

>K'��W� >ŽŐŝƐƟĐƐ��ŝǀŝůŝĂŶ��ƵŐŵĞŶƚĂƟŽŶ�WƌŽŐƌĂŵ

MEHPS DŽďŝůĞ��ůĞĐƚƌŝĐ�,ǇďƌŝĚ�WŽǁĞƌ�^ǇƐƚĞŵ

Acronyms
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D�WͲ�/^ͲZ� DŽďŝůĞ��ůĞĐƚƌŝĐ�WŽǁĞƌ��ŝƐƚƌŝďƵƟŽŶ�ZĞƉůĂĐĞŵĞŶƚ

MOS DŝůŝƚĂƌǇ�KĐĐƵƉĂƟŽŶĂů�^ƉĞĐŝĂůƚǇ

MRE DĞĂů�ZĞĂĚǇ�ƚŽ��Ăƚ

MTOE DŝůŝƚĂƌǇ�hŶŝƚƐ�dĂďůĞ�ŽĨ�KƌŐĂŶŝǌĂƟŽŶ�ĂŶĚ��ƋƵŝƉŵĞŶƚ

Dt� DĞŐĂǁĂƩƐ

E�d� EĞǁ��ƋƵŝƉŵĞŶƚ�dƌĂŝŶŝŶŐ

E/�� EĞƚǁŽƌŬ�/ŶƚĞŐƌĂƟŽŶ��ǀĂůƵĂƟŽŶ

OE KƉĞƌĂƟŽŶĂů��ŶĞƌŐǇ

OEPP KƉĞƌĂƟŽŶĂů��ŶĞƌŐǇ�WůĂŶƐ�ĂŶĚ�WƌŽŐƌĂŵƐ

K��� KƚŚĞƌ��ĞĨĞŶƐĞ��ĐƟǀŝƚǇ

K'� KƚŚĞƌ�'ŽǀĞƌŶŵĞŶƚ��ŐĞŶĐŝĞƐ

OP KďƐĞƌǀĂƟŽŶ�WŽƐƚ

KE^� KƉĞƌĂƟŽŶĂů�EĞĞĚƐ�^ƚĂƚĞŵĞŶƚ

K^� KĸĐĞ�ŽĨ�^ĞĐƌĞƚĂƌǇ�ŽĨ��ĞĨĞŶƐĞ

W�/^�� WŽǁĞƌ��ŝƐƚƌŝďƵƟŽŶ�/ůůƵŵŝŶĂƟŽŶ�^ǇƐƚĞŵ��ůĞĐƚƌŝĐĂů

PME WƌŽĨĞƐƐŝŽŶĂů�DŝůŝƚĂƌǇ��ĚƵĐĂƟŽŶ

PM MEP WƌŽŐƌĂŵ�DĂŶĂŐĞƌ�DŽďŝůĞ��ůĞĐƚƌŝĐ�WŽǁĞƌ

POR WƌŽŐƌĂŵ�ŽĨ�ZĞĐŽƌĚ

PRT WƌŽǀŝŶĐŝĂů�ZĞĐŽŶƐƚƌƵĐƟǀĞ�dĞĂŵ

PSTF WŽǁĞƌ�^ƵƌĞƚǇ�dĂƐŬ�&ŽƌĐĞ

Z���KD� ZĞƐĞĂƌĐŚ͕��ĞǀĞůŽƉŵĞŶƚ͕��ŶŐŝŶĞĞƌŝŶŐ��ŽŵŵĂŶĚ

REF ZĂƉŝĚ��ƋƵŝƉƉŝŶŐ�&ŽƌĐĞ

Z&�^dͲ�� ZĞƐĞĂƌĐŚ͕��ĞǀĞůŽƉŵĞŶƚ�ĂŶĚ��ŶŐŝŶĞĞƌŝŶŐ��ŽŵŵĂŶĚ Ɛ͛�&ŝĞůĚ�
�ƐƐŝƐƚĂŶĐĞ�ŝŶ�^ĐŝĞŶĐĞ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ��ĞŶƚĞƌ

SOF ^ƉĞĐŝĂů�KƉĞƌĂƟŽŶƐ�&ŽƌĐĞƐ

d�>^� dĂĐƟĐĂů��ƵƚŽŵĂƟĐ�>ĂŶĚŝŶŐ�^ǇƐƚĞŵ

dZ��K�� h͘^͘��ƌŵǇ�dƌĂŝŶŝŶŐ�ĂŶĚ��ŽĐƚƌŝŶĞ��ŽŵŵĂŶĚ

TOC dĂĐƟĐĂů�KƉĞƌĂƟŽŶƐ��ĞŶƚĞƌ

TM dĞĐŚŶŝĐĂů�DĂŶƵĂů

TQG dĂĐƟĐĂů�YƵŝƚĞ�'ĞŶĞƌĂƚŽƌ

h^&KZͲ�� hŶŝƚĞĚ�^ƚĂƚĞƐ�&ŽƌĐĞƐ�ʹ��ĨŐŚĂŶŝƐƚĂŶ

hW^� hŶŝŶƚĞƌƌƵƉƚĞĚ�WŽǁĞƌ�^ƵƉƉůǇ

VSP sŝůůĂŐĞ�^ƚĂďŝůŝƚǇ�WůĂƞŽƌŵ

s^^� sŝůůĂŐĞ�^ƚĂďŝůŝƚǇ�^ƵƐƚĂŝŶŵĞŶƚ��ĐƟǀŝƟĞƐ
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�ĂƌĂŬŝͲ�ĂƌĂŬ�;��<Ϳ ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵͬ�ĂƌĂŬŝ�ĂƌĂŬZĞƉŽƌƚ͘ƉĚĨ

�ĞůĞŵďĂŝ͕�K�� ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵͬ�ĞůĞŵďĂŝZĞƐƵƌǀĞǇ͘ƉĚĨ

�ůĂĐŬ ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵͬ�ĂŵƉ�ůĂĐŬZĞƉŽƌƚ͘ƉĚĨ

Boris ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵͬ�KW�ŽƌŝƐZĞƉŽƌƚ͘ƉĚĨ

�Žǁƌŝ�dĂŶĂ ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵͬ�ŽǁƌŝdĂŶĂWW͘ƉĚĨ

�ŚĂƉŵĂŶ ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵͬ&K��ŚĂƉŵĂŶWW͘ƉĚĨ

�ĂŵĂŶ��� ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵͬ�KW�ĂŵĂŶ��ZĞƉŽƌƚ͘ƉĚĨ

�ĞůĂƌĂŵ�// ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵͬ�ĞůĂƌĂŵϮZĞƉŽƌƚ͘ƉĚĨ

�ĚŐĞƌƚŽŶ ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵͬ�KW�ĚŐĞƌƚŽŶZĞƉŽƌƚ͘ƉĚĨ

Fortress ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵͬ�KW&ŽƌƚƌĞƐƐZĞƉŽƌƚ͘ƉĚĨ

Gambari ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵ�ͬ&K�'ĂŵďĂƌŝZĞƉŽƌƚ͘ƉĚĨ

Giro ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵͬ�KW'ŝƌŽZĞƉŽƌƚ͘ƉĚĨ

,ĂŝƌŝƚĂŶ ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵͬ:�KW,ĂŝƌŝŶƚĂŶZĞƉŽƌƚ͘ƉĚĨ

:ƵƐƟĐĞ ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵͬ�KW:ƵƐƟĐĞZĞƉŽƌƚ͘ƉĚĨ

<ŚĞŶũĂŬĂŬ ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵͬ�KW<ŚĞŶũĂŬĂŬZĞƉŽƌƚ͘ƉĚĨ

>ĂŬĂƌĂǇ ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵͬ�KW>ĂŬĂƌĂǇZĞƉŽƌƚ͘ƉĚĨ

DĂŝǁĂŶĚ ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵͬ�^^WDĂŝǁĂŶĚZĞƉŽƌƚ͘ƉĚĨ

Moscall ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵͬ&K�DŽƐĐĂůůZĞƉŽƌƚ͘ƉĚĨ

DĞƚŚĞƌ�>Ăŵ ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵͬs^W>�DZĞƉŽƌƚ͘ƉĚĨ

DƵƐŚĂŶ ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵͬ�KWDƵƐŚĂŶZĞƉŽƌƚ͘ƉĚĨ

WĂŶũǁĂŝ ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵͬs^^�WĂŶũǁĂŝZĞƉŽƌƚ͘ƉĚĨ

WĂŶũǁĂŝ͕�K'� ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵͬ�KWWĂŶũǁĂŝ�ŝƐƚƌŝĐƚ,YZĞƉŽƌƚ͘ƉĚĨ

Pasab ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵͬ&K�WĂƐĂď͘ƉĚĨ

WĞŶŝĐŚ ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵͬ�KWWĞŶŝĐŚZĞƉŽƌƚ͘ƉĚĨ

ZƵƐŚŵŽƌĞ ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵͬ&K�ZƵƐŚŵŽƌĞWW͘ƉĚĨ

Sabari ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵͬ:�KW^ĂďĂƌŝWW͘ƉĚĨ

^ŚĂŶŬ�;dŽǁĞƌ�zĂƌĚͿ ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵͬ&K�^ŚĂŶŬdŽǁĞƌzĂƌĚZĞƉŽƌƚ͘ƉĚĨ
ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵͬ&K�^ŚĂŶŬZĞƉŽƌƚ͘ƉĚĨ

^ŚŝŶŬĂŝͬ^ǁĞĞŶǇ ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵͬ�KW^ǁĞĞŶĞǇ^ŚŝŶŬĂŝZĞƉŽƌƚ͘ƉĚĨ

^ŚŝŶǁĂƌ ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵͬ^ŚŝŶǁĂƌZĞƉŽƌƚ͘ƉĚĨ

^ŶĂŬĞ�Wŝƚ�;<�&Ϳ ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵͬ^ŶĂŬĞWŝƚϭϮϬƚŚZĞƉŽƌƚ͘ƉĚĨ

^ƉĞƌǁĂŶ�'ŚĂƌ ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵ�ͬ�KW^ƉĞƌǁĂŶ'ŚĂƌZĞƉŽƌƚ͘ƉĚĨ

dĂŐĂď ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵͬ�KWdĂŐĂďZĞƉŽƌƚ͘ƉĚĨ

dĂŬŚ�dĞŬ�WŽůͬ�WϮ ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵͬ�KWdĂŬŚdĞŬWŽůZĞƉŽƌƚ͘ƉĚĨ
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dĂůƵŬĂŶ ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵͬs^WdĂůƵŬĂŶZĞƉŽƌƚ͘ƉĚĨ

dŽƌŬŚĂŵ ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵͬ�KWdŽƌŬŚĂŵZĞƉŽƌƚ͘ƉĚĨ

tĂůĞŶ�ZĂďŝƚ ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵͬs^WtĂůĞŶZĂďĂƚZĞƉŽƌƚ͘ƉĚĨ

yŝŽ�,ĂƋ�;�ŝŚŽĐŬͿ ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵͬ�KW�ŝŽŚŽŬZĞƉŽƌƚ͘ƉĚĨ

�ĞƌŽŬ ŚƩƉƐ͗ͬͬƐϯ͘ĂŵĂǌŽŶĂǁƐ͘ĐŽŵͬƌĞĨ͘ ďĂƌďĂƌŝĐƵŵ͘ĐŽŵͬ�KW�ĞƌŽŬZĞƉŽƌƚ͘ƉĚĨ
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